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INTRODUCTION 
The ultimate commercial products from maize breeding programs 
have been, and probably vill continue to be, hybrid varieties. 
Therefore, the breeding methods utilized to produce superior hybrids 
have been a major concern of maize breeders. The classical breeding 
method has been the development of highly inbred lines which have 
been extensively tested for their superior combining ability at a 
late stage in the inbreeding process. Specific lines that combined 
well were used to produce the commercial product in the form of 
single-, three-way-, and/or double-cross hybrids. 
This method has been criticized as being inefficient mainly 
because of two reasons; l) the potential of the inbred lines is 
fixed by the genotype of the initial plant selected to be the parent 
thus restricting the range of variability for effective selection 
and 2) the rapid rate of inbreeding due to the continued selfing may 
not allow effective selection to be practiced during the inbreeding 
process thus allowing random drift to play a major role in the selec­
tion program. 
To counteract these objections, a breeding method that allowed 
a gradual accumulation of desirable dominant alleles while at the 
same time maintaining the genetic variability in the selection popu­
lation was sought. Towards this goal, a class of breeding methods 
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collectively known as "recurrent selection" were proposed by various 
plant breeders beginning in the mid 1930's. 
The primary objective of this study was to evaluate the effectiv-
ness of one of the recurrent selection methods, reciprocal recurrent 
selection (RES), in two synthetic varieties of maize. The results 
from twenty years of reciprocal recurrent selection, mainly for grain 
yield, in these varieties will be summarized herein. Also, the re­
sults frcm seven cycles of recurrent selection for general combining 
ability (RS for GCA) in the BSSS variety will be presented. 
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REVIEW OF LITERATURE 
ALlard (I960). Penny et al. (1963) and Sprague {1967) divided 
the various recurrent selection methods into two broad groups: pheno-
typic recurrent selection and genotypic recurrent selection. Fhenotypic 
recurrent selection applies to all cases where the basis of selection 
is the individual's phenotype. Genotypic recurrent selection, on the 
other hand, refers to all cases where some form of progeny testing is 
carried out to identify the superior lines for recombination. 
The three forms of genotypic recurrent selection differ from each 
other mainly in the type of tester used to produce testcrosses for 
progeny testing; however, some methods like progeny testing or the 
like do not rely on testers to identify the elite lines for recombin­
ations. They are recurrent selection for general combining ability 
(RS for GCA), recurrent selection for specific combining ability 
(RS for SCA) and reciprocal recurrent selection (RRS). Schnell (I96I) 
has raised a question as to the appropriateness of the terms "general" 
and "specific" combining ability to describe the methods, especially 
with respect to RRS. However, these definitions will be used through­
out this thesis. 
Recurrent selection for genereO. combining ability was first 
described in detail by Jenkins (19UO), although essentially the same 
idea has been published by Hayes and Garber in 1919 and independently 
by East and Jones in 1920 (Sprague, 1952). He proposed this method 
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as the best alternative for developing productive synthetic varieties 
among short-time inbred lines of maize for areas lying in the per­
iphery of the Corn Belt where yearly cost of first generation hybrid 
seed may not be economically feasible. The steps to be followed in 
the production of a synthetic variety are outlined as follows 
1. The isolation of one generation of selfed lines. 
2. Testing of these lines in top-crosses for yield 
and other characters to determine their relative 
endowment with respect to genes affecting these 
characters. 
3. Intercrossing of the better endowed selfed lines 
to produce a synthetic variety. 
U. Repetition of the above process at intervals 
after each "synthetic variety" has had a 
generation or two of mixing, possibly with 
the inclusion of lines from unrelated sources. 
The "tester" to be used in step 2, above, is a bulk sample of 
the original or parental population. His proposal of this method 
is a natural consquence of the conclusions drawn from earlier 
experiments on "Early-testing". From experiments carried out earlier, 
he found that inbred lines of com showed their individuality for 
combining ability very early in the inbreeding process and remained 
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relatively stable thereafter. This result led him to believe that 
yield is controlled by a large nximber of dominant genes many of which 
have approximately equal effects. 
Hull (19k$) proposed a modification of Jenkins' method in the 
belief that hybrid vigor for yield in maize is due to the non-linear 
interaction of genes at the same locus or among numerous loci or both. 
He coined the term "recurrent selection for specific combining ability" 
to designate this method. The basic difference between the two 
methods lies in the type of "testers" used. The latter method calls 
for a single homozygous line or, in the absence of a satisfactory line, 
a single cross of two homozygous lines with "proven general combining 
ability" as a tester. The commercial product is the first generation 
hybrid of the tester line with a selected line from the most recent 
version of the selection material. 
The basic contrast between the two breeding plans lies in the 
opinion each of the two plant breeders held with respect to the cause 
of hybrid vigor or heterosis. Jenkins was a proponent of the "dominant 
g^ne hypothesis" while Hull supported the "over-dominant gene hypo­
thesis" (i.e., heterozygotes superior to either of the homozygotes 
for a given locus). Jenkins* plan was designed mainly for population 
improvement or the development of lines with good general combining a-
bility and, therefore, relatively effective for loci that show 
partial or complete dominance. In contrast, Hull's plan was intended 
for developing lines that combine well with a specific line, namely, 
the tester used during the selection cycles. This plan is superior 
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to the previous plein for cases where over-dominant type of gene 
action is the rule. 
In viev of this background Oomstock, Robinson and Harvey (19^9) 
proposed a breeding plan which they believed, would be effective regard­
less of the level of dominance. They proposed the terra "recurrent 
reciprocal selection", which in time was changed to "reciprocal 
recurrent selection", to designate their breeding plan. 
This plan requires two populations (A and B) to be used as 
foundation material. These could be two open pollinated varieties, 
two synthetic varieties, or the Fg generation plants of two single-
crosses used in the formation of a successful double-cross. The details 
of the procedure as proposed by the authors follow:-
Year 1. Outcross each of 200 plants from source 
A with U to 5 plants taken at random from 
B, and each of 200 plants from source B 
with U or 5 plants from source A. Self-
pollinate all plants used as pollen parents in 
these outcrosses. 
Year 2. Conduct two yield trial comparisons of the 
progeny of crosses made in year 1. The one 
would involve progenies of source A plants 
as pollen parents; the other, progenies of 
source B plants as pollen parent. All 
crosses from each of the U or 5 crosses 
7 
involving a single pollen parent would be 
bulked to produce a single progeny from that 
parent. 
Year 3. Plant seed produced by self-fertilization in 
year 1 using seed from only those plants 
in each of source groups (A and B) whose 
progenies were superior in the field 
trials of year 2. Within each source 
group make all or a large number of the 
possible single crosses between plants 
from which seed was produced. 
Year U, 5 and 6. Repeat procedures of years 1, 2 
and 3 using as a starting point the group A 
and B seed produced in year 3. 
This breeding plan, like the other two, requires at least three 
years to complete a cycle if there is only one growing season per year. 
The commercial product could be the improved version of either source 
population, a variety cross between the most recent versions of the 
two populations, or a double-cross of the form (A^ x AgiCBi x Bo) where 
Ai and Ag are inbreds extracted from the most recent version of popula­
tion A and and Bg are inbreds from source B extracted in similar 
manner. 
Comstock et al. (19^9) contrasted this method against the 
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previous two with respect to (a) limits of improvement and (b) rate 
of improvement. The contrast was for a single locus for three levels 
of dominance (a): l) partial dominance (i.e., a<^ l.O), 2) complete 
dcminance (i.e., a « 1.0) and 3) over dominance (i.e., a?' 1.0). The 
comparisons were made subject to three restrictions: a) no interaction 
among alleles, b) no multiple allelic systems and c) either no linkage 
or linkage equilibrium. Conclusions with respect to improvement 
limits were: 
1. With partial dominance, RS for SCA is inferior to 
both RRS and RS for GCA which have essentially 
the same improvement limits. 
2. With over-dominance, RS for GCA is inferior to 
both RRS and RS for SCA which have essentially the 
same limit. 
3. There is practically no difference among the 
three if dominance is complete. 
Conclusions with respect to rate of improvement were: 
1. Excepting the first few cycles under complete 
or almost complete dominance, RS for GCA will 
result in more rapid rate of improvement than 
RRS with either partial or complete dominance; 
however, this rate of improvement is not over­
whelmingly superior. But, in the presence of 
over dominance at a large number of loci, the 
9 
above relationship is drastically reversed. 
2. With proper choice of the tester line, RS 
for GCA may have an advantage over BS for SCA 
in the long run. 
3. Even under conditions of over-dominance the 
hybrids developed by BBS in populations vith 
maximum genetic divergence among them will have 
an advantage over those developed by BS for 
SCA in the long run. 
The authors feel that BBS is about as effective as either of the 
other two methods in any of the three genetic situations considered, 
but is greatly superior to both if there is partial dominance at soise 
lôcl and overdominance at the remaining loci. 
There are several reports in the literature dealing with the ef­
fectiveness of simple or phenotypic recurrent selection in improving 
characters with high herltablllty. Sprague and Brimhall (1950) and 
Spragueet al. (1952) reported that the mean oil percentage in corn 
kernel was greatly improved in two.cycles of recurrent selection. 
Sprague et al, (1959), Penny et al. (1963),-and Horner et al. (1963) 
have reported on the effectiveness of recurrent selection for specific 
combining ability for improving grain yield in maize. The general 
conclusion is that this method is very effective in In^rovlng the 
yield levels of the initial populations in a relatively few cycles 
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of selection. 
The result from one cycle of recurrent selection for general ' 
combining ability in Stiff Stalk Synthetic variety with Iowa 13, a 
good double cross, as a tester was reported by Sprague and Brirahall. 
(1950). They reported that one cycle of selection shifted the mean 
yield of the variety, relative to tester parent, by about 5 q./ha 
(approx» 7 bu/a). 
Penny et al. (I963) summarized the results from four cycles of 
recurrent selection for general combining ability in the Stiff Stalk 
variety mentioned earlier. Comparison of the yields of the four cycle 
composites showed no significant difference among them. However, there 
was a tendency towards yield increment which amounted to 1.2# per cycle 
over the original population. 
Lonnquist and McGill (1956) developed five synthetic varieties 
three of which were from the open pollinated varieties Krug, Reid 
and Dawes #2 and the remaining, A and B, were from combinations of 9 
and 25 long-time selfed inbred lines, respectively. One cycle of 
selection on the basis of topcross performance (i.e., RS for GCA) 
resulted in marked yield increases over the parental varieties in all 
of the five synthetics. A second cycle was completed in U of the 5 
first cycle synthetics. They reported that the average increase of 
the second cycle over the first cycle synthetics was ihfo for yield. 
The improvement in the combining ability of the U synthetics in cycles 
1 and 2 was measured by growing all the possible crosses among them 
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in yield trials. Results show that the average increase in yield was 
about U q/ha (6 hu/a). In terms of the check variety, US 13, a 
high yielding double cross, the four second cycle synthetics averaged 
96^  as compared to 82^  for the first cycle synthetics. This led them 
to conclude that two cycles of RS for GCA was very effective in improv­
ing both the performance of the synthetics per se as well as their 
combining ability. 
The method has also been found very effective for developing com 
lines resistant against European Corn Borer (Penny et al.,1967) and 
against Helmithosporium turcicum (Jenkins et al.,1954). In both cases 
the elite lines used for recombination to initiate the next cycle 
population were selected on the basis of progeny testing. 
Thomas and Grissom (1961) reported on the effectiveness of two 
cycles of RRS for grain yield, popping volime and resistance to root 
lodging in two maize populations: an advanced generation of a single 
cross (A) and a variety called Hycross (B). Selection of Si lines 
for re combination in each cycle was based on a weighted selection 
system where yield and popping volume were given twice the weight of 
lodging resistance. Selection was considered effective in shifting 
the means of both populations for all three characters; however, there 
was some tendency for reduction in variability in both populations, 
especially in the first cycle. The reduction in variability may have 
been due to the masking effect of the environment rather than to 
reduction in genetic variability. 
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RES for grain yield was studied in two varieties of maize. Yellow 
Surecropper (YS) and Ferguson's Yellow Dent (FYD), by Douglas 
et al, (1961). From the results of three cycles of selection, they 
concluded that there was a consistent improvement in the yield of FYD 
variety per se while no consistent improvment for yield was obtained 
in YS variety. Selection has also succeeded in improving the average 
combining ability of both varieties if measured in terms of the rel­
ative performance of the original varieties. Based on the yield 
performance of the composites in succeeding selection cycles, the 
authors concluded that the type of gene action conditioning heterosis 
for yield is best explained by the "dominant favorable gene hypothesis", 
Compton et al.(1964) completed one cycle of what they called 
"intra-population" and "inter-population" selection in the two varie­
ties, Golden Republic and Barber Reid. With the "intra-population" 
selection method, the S^  lines selected for recombination are ranked 
purely on the basis of their top-cross performance with a number of 
randomly chosen females from the same population. With the "inter-
population" selection, on the other hand, ranking is on the basis of 
the top-cross performance of the male parents to a random sample of 
females from another population. Thus, "inter-population" selection 
is identical to BRS. 
The authors used data from one cycle of selection, using the two 
methods, in the two varieties to predict expected response of future 
populations reconstituted on the basis of the following: 
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a) intra-population sélection, b) inter-population selection, and 
c) mean of intra- and. inter-population selection. They used a 10% and. 
20JS selection intensity (k) for grain yield.. They found that large 
gains are expected in both varieties, but a much lower gain in the 
variety cross, und.er intra-population selection. But, under inter-
population selection (RRS), expected gain was much larger for the 
variety cross as compared to the expected, gain in the varieties, 
particularly Golden Republic. The fact that inter-population selection 
d.id not result in decreased yield in the varieties while at the séme 
time resulting in large expected gains in the inter-cross led the 
authors to assume that over-dominant gene action was not a major 
factor in yield, determinations in the two varieties. 
Selection on the basis of intra- and inter-population mean resulted 
in large expected gains in both the varieties and. the inter-cross. The 
authors felt that realized gain would actually be greater in all three 
populations with such selection since the rank of the males is based 
on twice as many observations. 
Moll and Stuber (1970) reported, on the effectiveness of six 
cycles of RRS and. Full Sib Selection on grain yield, in two open 
pollinated, varieties of maize, Jarvis and Indian Chief, and their 
hybrid. Expected rate of gain was computed from variance component 
estimates of the original populations as in a previous report (Moll 
and Robinson, 1966). Observed average gain from selection was 
obtained by two methods: the regression of mean yields oû cycles 
of selection and from the progeny test data obtained during the 
lU 
selection process as the regression of accumulated selection response 
on cycles of selection. 
Except for Indian Chief, which did not show a significant response 
to RIS, significant increases in yield were observed in the varieties 
and the hybrid from both methods of selection. However, greater im­
provement in the varieties was obtained by FSS while greater improvement 
in the hybrids was obtained with RES. Response of the varieties to 
FSS were 2.1 times greater than their response to ERS while response 
of the variety hybrid to RRS was 1.3 times greater than the response 
to FSS. This seems to disagree with the earlier report (Moll and 
Robinson, 1966) in that FSS, herein, seems to be inferior to RRS for 
hybrid improvement. Both data indicate that heterosis seems to increase 
markedly with RRS, while little change in heterosis was obtained with 
FSS. 
Darrah et al. (unpub.) used Kitale II (K II) and Ec573 to initiate 
a RRS program. Results of two cycles of RRS in the two varieties, 
K II(R) and Ec573(R) and their hybrid, H611(R), were compared to the 
improvement observed by four cycles of ear-to-row selection in the 
same varieties, designated as K Il(E) and EC373(E), and their hybrid, 
h6i1(E). %e two methods gave about the same rate of improvement 
within the varieties. The observed gain per cycle was 0.9 and 0.6 q,/ha. 
for K 11(E) and K II(R), respectively and 3.2 and 3.1 q/ha. for EC573(E) 
and EC573(R), respectively. But, RRS was significantly superior to 
ear-to-row selection in the improvment of the variety hybrid. The 
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observed estimates of gain were 3.3 and 1.3 q/ha. for H611(R) and 
H611(E), respectively. 
Brown and Allard (1971) reported on the genetic effects of BBS 
for yield. They completed 2 cycles of RRS for yield in two maize pop­
ulations of great genetic diversity. The objective of the program was 
to monitor, through nine isozyme polymorphisms, the genetic effects 
introduced by RRS for yield. In general, two cycles of RRS for yield 
was very successful in improving the mean yields of both of the two 
populations and their hybrids. However, RRS did not modify the genetic 
structure of either population with respect to the nine loci monitored. 
The small and nonsignificant shifts in gene frequency observed in most 
of the loci under considerations were ascribed to random genetic drift 
associated with the restricted population size. 
16 
MATERIALS AND METHODS 
Populations developed by two recurrent selection programs will 
be evaluated in this study. 
The Iowa reciprocal recurrent selection (BBS) program was 
started by Dr. G. F. Sprague in I9U9 with two synthetic varieties of 
maize ceilled Stiff Stalk Synthetic (BSSS) and Com Borer Synthetic 
#1 (BSCBl). Stiff Stalk Synthetic was synthesized from the following 
16 lines; AH83, A3G-3-1-3, FiB-1-7-1, Hy, 1159, I22UA2, LE23-1-6-2, 
0316B, 0s420, TR9-1-1-6, 12E, 2XWDU56A, 18T-2, UI6»5, 5UO, and 617-3-4. 
Uhese lines were chosen for their resistance to stalk breakage. Corn 
Borer Synthetic #1 was synthesized from 12 lines which, at the time, 
had good resistance to European Com Borer feeding: A31*0, CC5, Hy, 
1205, K230, 1,317, 0h07, 0h33, OhUOB, 0h51A, P8 and Rk. All lines 
involved in both synthetic varieties were of USA origin and Com Belt 
maturity. 
The steps to complete a cycle in the RBS program were as 
follows : 
1. In the summer of 19U9, a large number of plants in the 
original Stiff Stalk Synthetic (BSSS CO) were selfed 
and, at the same time, each selfed plant was outcrossed 
to at least 10 ears in the tester (BSCBl CO). 
At harvest, the 10 ears involving a single male parent 
were bulked to form one entry. The selfed ears 
were harvested separately and put in cold 
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storage for later use. 
2. In the summer of 1950, the 100 testcrosses were 
grown in a yield trial at a single location 
using a Triple Lattice (TL) design with three 
replications. Data from this trial were used to 
select the top 10 lines for recombination. %e 
basis of selection W£is mainly grain yield 
although some attention was given to stalk 
breakage. 
3. In 1951» the selfed seeds from the selected 
10 plants were grown eeir-to-row and all possible 
intercrosses among them were made to produce 
k3 single-crosses. Four to six plant-to-plant 
crosses were made within each pair of rows (lines) 
and the ears from each pair of rows were bulk 
harvested and kept separate from the rest. 
U. The bulk seeds formed by mixing equal quantities of 
seed from each of the 45 single crosses of 
' the last season were grown in isolation in 1952 
and allowed to open-pollinate (random-mate). 
This was done for the purpose of enhancing 
combination within the population. 
Identical operations with respect to the making of testcrosses, 
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testing» recomibining and growing in isolation the rec-mbined seeds for 
the purpose of random-mating were being carried out simultaneously in 
BSCBl CO using BSSS CO as a tester. 
Four seasons were required to complete the first cycle and 
produce the improved populations BSSS(R)C1 and BSCB1(R)C1 (the 'R' 
in parenthesis stands for reciprocal recurrent selection). Except for 
some modifications to be described below, similar operations were car­
ried out in each of the two populations throughout the next four cycles 
of selection. The fifth cycle was completed in 1965» In all cases, 
the most recent version of each population was used as a tester. 
The variations introduced during the last four cycles of selec­
tion were as follows: 
1, The number of testcrosses evaluated in yield trials 
varied somewhat from cycle to cycle. The exact 
number of testcrosses evaluated in yield trials 
were 100 in cycle one, 103 each in cycles two, three 
and four, and 90 in cycle five, 
2. The number of yield trials conducted to evaluate 
the testcrosses varied throughout the program. As 
mentioned earlier, the first cycle testcrosses were 
evaluated in only one experiment. The second cycle 
yield trials were grown at two locations using a TL 
design in 195%. The third and fourth cycle test-
crosses were evaluated in four yield trials grown 
19 
at two locations in each of two years (1957 
1958 for cycle three and 19^ 2 and 1963 for cycle 
four) using a TL design. The fifth cycle test-
crosses were evaluated in four yield trials 
grown at four locations in 1966 with a Simple 
Lattice (SL) design with two replications. 
The use of one season of open-pollination 
(random mating) after intercrossing the ten 
selected lines was discontinued after the 
first cycle. There were two reasons for this; 
a) to reduce the length of a cycle of selection 
and b) to control parentage. The U5 single-
crosses were kept separate in all subsquent 
cycles of selection after the first. To 
initiate a cycle two plants were selected from 
each of the U5 single-crosses to give 90 selfs 
and testcrosses. In some cycles, namely cycles 
two, three and four, additional selfs and 
crosses were maSe within some of the single-
crosses to make the total number of test-crosses 
equal to 103. Selection of the 10 elite S^  
lines was made both on the basis of their own 
performance and their record of parentage. Some 
of the 10 elite lines selected to serve as 
20 
parents for the next cycle were not necessarily among 
the ten top yielding lines. In some cases a slightly 
lower yielding 8% line was selected to replace a higher 
yielding line whose pedigree shows it to be closely 
related to some other line in the group'. This "scheme 
was adopted to reduce the degree of inbreeding in 
successive cycles. 
U, Since the program has been going on for a relatively 
long period of time, it is to be expected that some of 
the field husbandry techniques have changed with time. 
One of the obvious changes is the rate of planting 
(population density) in the yield trials. The popula­
tion density used in the first cycle yield trial was 
about 29,000 plants per hectare. A population density 
of 38,750 plants per hectare was used in most of the 
yield trials for cycles two, three and four while some 
of the yield trials in cycle five were planted at a 
seeding rate of up to 51,670 plants per hectare. In all 
cases, planting and harvesting were done by hand. The 
field plot techniques employed in each cycle are thought 
to be standard for maize yield trials at the time. The 
rates of commercial fertilizer applications have increased 
with cycles, but there is no record of the actual rate 
of application used in each cycle. 
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The second method of selection to be described involves recurrent 
selection for general combining ability (RS for GCA). This program 
was also initiated by Dr. G. F. Sprague at the Iowa Agriculture and 
Home Econotaics Ejcperiment Station in 1939• He used the Stiff Stalk 
Synthetic variety as a source material and the double cross Iowa 13 
(1317 X BL3^ 9)(BL3'<5 X MCUOl) as the tester. There was only one cyèle 
of selection completed before the program was discontinued due to 
World War II. It was restarted in 19^ 7 and continued uninterrupted 
until the completion of the seventh cycle in 1965. The basic pro­
cedures in the RS for GCA as proposed by Jenkins (19^ 0) were followed 
throughout the seven cycles of selection. These were as follows: 
1. A large number of plants in the original Stiff Stalk 
Synthetic (BSSS CO) were self-pollinated in 1939. 
At the same time, pollen from each of the selfed 
plants was used to pollinate at least 10 ears in the 
tester parent» the double cross Iowa 13. The 10 
ears involving the same male parent, were bulk 
harvested to form a single entry while the selfed ears 
were harvested separately and put in storage for later 
use. There were 167 selfed ears and their associated 
testcrosses harvested. 
2. In 19^ 0, the testcrosses and some checks were grown in 
22 
two yield trials using a TL design. Howevei, ùae 
to unfavorable weather conditions at one of the loca­
tions, the data from only one of the yield trials 
was used to select the best yielding 10 8% lines. 
The basis of selection was grain yield. 
3. The selected 8^  lines were grown ear-to-row in 19^ 1 
and all possible pair-wise crosses among them were 
made to produce 4$ single crosses. 
Equal quantities of seeds from each of the k3 single 
crosses were bulked and grown in isolation in 19^ 1, 
Open-pollination was allowed to increase re­
combination. 8eeds from this generation, BSS8(HT)C1, 
was used to initiate the next cycle. 
When the program was reinitiated in 19^ 7, the subsequent cycles 
were conducted in a similar manner except for a few changes. The 
variations that were introduced as the program progressed were as 
follows : 
1. The number of testcrosses evaluated in yield trials 
varied from cycle to cycle. There were 139, 108, 
91, 85,, and 90 testcrosses evaluated in yield 
trials for cycles two, three, four, five, six and 
seven, respectively. In all cases the grain yield 
data were used to select 10 elite 8-^  lines which 
23 
were used as parents for the initiation of the 
next cycle. 
2. The number of yield trials conducted and the 
experimental designs used to evaluate the test-
crosses of the various cycles also varied. A 
TL design with three replications was used 
for all cycles except cycle two, which had 
six replications. A SL design was used for 
cycles six and seven. 
The second cycle testcrosses were evaluated at 
a single location in 19^8. The third and fourth 
cycle testcrosses were grown at two locations 
in one year (1952 and 1955» respectively) 
while the testcrosses from cycle five were 
evaluated in two experiments in each of two 
years (1958 and 1959) giving a total of four 
experiments. This was done to inç»rove the 
accuracy of selection. However, results showed 
that the amount of gain in accuracy obtained by the 
extra year of testing was not sufficiently 
large to justify the use of an extra year. As 
a result of this conclusion, testcrosses from 
each of the sixth and seventh cycles were evaluated 
in four experiments in a single year (1962 and 
2k 
1965, respectively). 
3. The extra season for open-pollination in the 
reconstituted population of cycle one was dis­
continued after the second cycle. Thus, each of the 
subsequent cycles was completed in three years while 
the first two cycles required four years per cycle. 
U. Field husbandry and field plot techniques were 
similar to those in the BBS program. 
Informations relative to number of testeross evaluations in each 
cycle in the two programs are summarized in Table 1. 
By 1966, samples of seeds from the five cycles of RES and from 
the seven cycles of the RS for GCA programs were available to evaluate 
the effectiveness of the two methods of selection to improve grain yield 
and to evaluate changes in other plant characteristics* The study was 
designed to measure the improvements in the performance of the 
varieties themselves and also the improvement in their combining 
ability with various testers. 
In 1969, each of the various cycles from the two methods was 
grown in IT plant rows paired either with themselves or the selected 
tester. Rows were spaced 102 cm apart with 25 cm between hills with­
in rows. This spacing gives a population density of around U0,000 
plants per hectare. 
A plot in this arrangement consisted of four rows. When an 
entry was to be paired with itself, i.e., sib-crossed, all the four 
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Table 1. Summary of the number of environments (l), replicar-
tions/environments (r), number of testcrosses evaluated 
(nt), number of lines selected for recombination (ns) 
and the number of years per cycle from RRS in 
BSSS(R) and BSCBl(R), and from RS for GCA in BSSS(HT) 
for grain yield (q/ha ) 
Selection 
Population 1 r nt ns 
Years/ 
Cycle 
BSSS CO 1 3 100 10 h 
BSSS(R)C1 2 3 103 10 3 
BSSS(R)C2 k 2.7* 103 10 4 
BSSS(R)C3 2 3 103 10 k 
BSSS(R)CU h 2 103 10 3 
Pooled (Cl-CU) 2.7* 2.6A 
BSCBl CO 1 3 100 10 It 
BSCB1(R)C1 2 3 103 10 3 
BSCB1(R)C2 k 3 103 10 It 
BSCB1(R)C3 2 3 103 10 h 
BSCBl(R)Clt 
a 2 90 10 3 
Pooled (C1-C4) 2.7 2.6* 
BSSS CO 1 3 167 10 It 
BSSS(HT)CI 1 6 139 10 h 
BSSS(HT)C2 2 3 108 10 3 
BSSS(HT)C3 2 3 8U 10 3 
BSSS(HT)CU k 3 91 10 It 
BSSS(HT)C5 k 2 85 10 3 
BSSS(HT)C6 k 2 90 10 3 
Pooled (C2-C6) 2.9* 2.5* 
^Harmonic mean. 
26 
rows of the plot were planted to seeds from the entry. But, when an 
entry was to "be paired with a tester, the tester and the entry occupied 
alternating rows, each being planted to two of the four rows in the plot. 
Reciprocal crosses were made between two adjacent rows in a plot. 
A plant in each row served both as msile and female with the restriction 
that pollen from a plant used as male can not be used to pollinate more 
than two ears in the adjacent row. An attempt was made to pollinate all 
ears in each row. All the ears from each basic unit, i.e., plot, were 
bulked to fom an entry, A summary of the crossings made and the 
number of entries obtained is listed in Table 2. 
The purpose of the crossing in 19^9 in the manner described above 
was two-fold; a) to produce the various sibcrosses and variety crosses 
with related and unrelated testers and b) to obtain fresh seeds of all 
the various cycles so that no bias will be introduced by differential 
germination due to the substantial variation in the length of storage 
period. 
The 91 sib- and test-crosses along with 9 selected checks were 
grown in yield trials at Ames, Ankeny and Martinsburg as experiment 
number 25, 26 and 27, respectively, in 1970 and 1971* An additional 
experiment (28) was grown at Ames in 1971* The checks used were Iowa 
13, BSBB, (BlU X Blt5), (B37 x b1»5), (Q97 x 098), (q66 X q67), la. 5115 
(BSSS2 X BS2), and (BSSS CO x PA. IHT.). A 10 x 10 SL design was used 
for each of the seven experiments. 
A plot consisted of two rows spaced 76.2, 96.5, 96.5, and 76.2 
Table 2. Summary of crossings made in I969 
Total 
Selection BSSS(R) BSSS(HT) BSCBI(R) Crosses/ 
Population^ CO CI 02 C3 C4 C5 CO C2 03 C4 C$ C6 CO CI 02 03 Ch 05 Group 
Group I 2k 
BSSS 00 X X X X X X X X X X X X 
BSSS(R)Cna X X X X X X 
BSSS(HT)On X X X X X X 
Group II 12 
BSCBl CO X X X X X X 
BSCBl(R)Cn X X X X X X 
Group III 36 
BSSS CO X X X X X X 
BSSS(R)C5 X X X X X X 
BSSS(R)Cn X X X X X X 
BSCBl CO X X X X X X 
BSCB1(R)C5 X X X X X X 
BSCBl(R)On X X X X X X 
Group IV 19 
BSBB X X X X X X X X X X X X 
lova 13 X X X X X X 
®Cn refers to cycles of selection ft*om CO to 05 for BSSS(R) and BSCBI(R) and CO to C7 
for BSSS(HT). 
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with 25.4, i»5.7» 40.6 and 25.4 cm between hills within rows for experi­
ments 25, 26, 27 and 28 respectively. There were 19, l8, l8 and 19 plants 
per row in experiments 25, 26, 27 and 28, respectively. This rate of 
planting gives a population density of 49,064 plants per hectare (19,864 
per acre) for experiments 25 and 28; 42,900 plants per hectare (17,442 
per acre) for experiment 26; and 45,300 plants per hectare (l8,34o per 
acre) for experiment 27. 
Experiments 26 and 27 were hand planted in both years while the 
others were machine planted. In 1970, only experiment 26 was hand 
harvested. With the exception of experiment 25 in 1970, dropped ears 
were retrieved when harvesting was done "by the experimental plot 
harvester. Table 3 shows the ten characters and the experiments in 
which data for the specific characters were taken. 
Grain yield is in quintals per hectare adjusted to 15*5% moisture. 
Ears per 100 plants were computed from ears per plot and plants per 
plot. Ear and plant heights were obtained from the first 10 compet­
itive plants and measurements were taken from ground level to the first 
ear node for the former and from ground level to the flag-leaf collar 
for the later character. Stalk lodging is the per cent of plants 
per plot that showed stalk breakage below the ear node. Root lodging 
is the per cent of plants per plot whose stalk deviates from the verti­
cal by 30 degrees or more. Tassel branch number was obtained by 
counting the total number of tassel branches on six randomly selected 
plants in a plot. Test weight was obtained by converting the weight 
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Table 3. A list of the ten characters on which data 
were taken at the various experiments 
1970» 1971 
Character 25 26 27 25 26 27 28 
Yield (q/ha ) X X X X X X 
Moisture {%) X X X X X X X 
Root Lodging {%) X X X Jy X X -
Stalk IiOdging(^) X X X X X X -
Date Silk X - - - - - -
Ear Height (cm) X X X X X X -
Plant Height(cm) X X X X X X -
Ears/100 plants X X 
-
X X - X 
Test Weight (kg/hi) X - X - - - -
Tassel Branch Ntunber 
- - - X X X -
indicates that data were teiken. 
indicates that no data were taken on the character 
at that location. 
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of one pint of shelled grain to kg/hi. Days to silk represents the 
number of days from planting to 50^ silk emergence in a given plot. 
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STATISTICAL ANALYSIS 
Data collected on each Of the ten characters were analyzed using 
the model appropriate for a Simple Lattice Design. The individual 
experiments were the first to be analyzed using the following model:-
ïijk = « • Kl + Bij + Vk + eijk 
Where 
Yijjj = observed value of the IjGth plot, 
m = the overall mean effect. 
= effect of the i^^ replication, i goes from 1 to 2, 
Bij = effect of the incomplete block 
in the i^^ replication? j goes from 1 to 10, 
Yk = effect of the entry, k goes from 1 to 100. 
®ijk ~ the intra-block error term. 
The Analysis of Variance from this model is:-
Source df 
Replications r-1 = 1 
Blocks/Replications r(b-l) = l8 
Entries (t2-l) = 99 
Average Effective Error (t-l)(rt-t-l) = 8l 
The yield data were adjusted by performing a covariance analysis 
of yield on stand. Uhere was one missing datum in each of the 
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characters yield, ear height, plant height, and test-veight. These were 
estimated using the procedures appropriate for the design} consequently 
the average effective error degrees of freedom were reduced by one 
in each case. 
After the completion of the individual experiments, data for 
each character from the various experiments were used to obtain a com­
bined analyses using the following model: 
Yijk " m • Ej + Rij + Vjj + (EV)ik + 
where Yijiji and have the same meaning as before. Ei, Rjj, 
(EV)ik# amd e^j^ refer to the effects associated with the i^^ environ­
ment, the jth replication in the i^h environment, the interaction 
between the i^^ environment and the entry, and the pooled average 
effective error. 
Since the a^vy and a^vl ( where v, y and 1 indicate varieties, 
years and locations, respectively) are usually relatively small in 
comparison with (Moll and Stuber, 1971), it was assumed that the 
genotype x environment interaction is not associated with year or loca­
tion. Therefore, data were combined over environments and all environ­
ments were considered random. 
The means obtained from the pooled data for each character were 
used to partition the Entry Sums of Squares into SS due to treatments 
and a residual. Next, the Treatment Sums of Squares was partitioned 
into the variations associated with the effects of the various cycles 
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using a Least Squares Analysis similar to the one used by Eberhart 
(I96U). Two models vere used for this purpose: the first one, vhich 
I will call "complete" model, involved the coefficients for linear, 
quadratic, and, in some cases, interactions involving linear x linear, 
and quadratic x quadratic effects on the cycles of selection. The 
second model involved only the coefficients for linear effects. 
Based on similarity of crosses as well as common origin, the 91 
treatments were divided into the four groups as shown in Table 2, 
The X-matrices and Y-vectors used for the multiple regression analysis 
for each of the four groups are shown in Tables U through 7* 
The first analysis was done with the linear model followed by the 
"complete model" containing coefficients to estimate quadratic effects. 
Table 8 shows the ANOVA for the combined analysis using the "complete" 
model. 
Table 4, X-matrix and Y-vector for the treatments in Group I 
Linear Quadratic 
BSSS CO 1 0 0 
BSSS(R)C1 - 1 1 .1 
BSSS(R)C2 1 2 
BSSS(R)C3 1 3 9 
BSSS(R)CU 1 h l6 
BSSS(R)C5 1 5 25 
BSSS CO X BSSS CO 1 0 0 
X BSSS(R)C1 1 1 1 
X BSSS(R)C2 1 2 h 
X BSSG(R)C3 1 3 9 
X BSSS(R)CU 1 k 16 
X BSSS(R)C5 1 5 25 
BSSS(HT)C2 Xi = 1 2 It 
BSSS(HT)C3 1 3 9 
BSSS(HT)Cii 1 U l6 
BSSS(HT)C5 1 5 25 
BSSS(HT)C6 1 6 36 
BSSS(HT)C7 1 7 h9 
BSSS CO X BSSS(HT)C2 1 2 k 
X BSSS(HT)C3 1 3 9 
X BSSS(KT)CU 1 U, l6 
X BSSS(HT)C5 1 5 25 
X BSSS(HT)C6 1 6 36 
X BSSS(HT)C7 1 7 49 
Table 5» X-matrix and Y-vector for the treatments in Group II 
mp Linear Quadratic 
Y2 = 
BSCBl CO 1 0 0 
BSCBl(R)CI 1 1 1 
BSCBl(R)C2 1 2 It 
BSCBl(R)C3 1 3 9 
BSCBl(R)CU 1 k l6 
BSCBl(R)C5 1 5 25 
BSCBl CO X BSCBl CO X2 = 1 0 0 
X BSCB1(R)C1 1 1 1 
X BSCBl(R)C2 1 2 It 
X BSCBl(R)C3 1 3 9 
X BSCBl (R)Cit 1 k l6 
X BSCB1(R)C5 1 5 25 
Table 6, X-matrix and Y-vector for the treatments in Group III 
BSCBL X BSSS CO 
X BSSS(R)C1 
X RSSS(R)C2 
X BSSS(R)C3 
X BSSS(R)Cl» 
X BSSS(R)C5 
BGCB1(R)C5 X BSSS CO 
X BSSS(R)C1 
X BSSS(R)C2 
X BSSS(R)C3 
X BSSS(R)C4 
X BSSS(R)C5 
BSSS CO X BSCBl CO 
X BSCB1(R)C1 
X BSCBl(R)C2 
X BSCB1(R)C3 
X BSCB1(R)C4 
X BSCB1(R)C5 
BSSS(R)C5 X BSCBl CO 
X BSCB1(R)C1 
X BSCBl(R)C2 
X BSCBl(R)C3 
X BSCBl (R)Cl| 
X BSCB1(R)C5 
BSCBl CO X BSSS CO 
BSCBl(R)CI X BSSS(R)C1 
BSCB1(R)C2 X BSSS(R)C2 
BSCB1(R)C3 X BSSS(R)C3 
B8CBlfR)Ck X BSSS(R)CU 
BSCB1(R)C5 X BSSS(R)C5 
BSCB1(R)C1 X BSSS(HT)C2 
BSCB1(R)C2 X BSSS(HT)C3 
BSCBl(R)C3 X BSSS(HT)C4 
BSCB1(R)C4 X BSSS(HT)C5 
BSCB1(R)C5 X BSSS(HT)C6 
BSCBI(R)C6 X BSSS(IIT)C7 
% Linear 
1 0 
1 1 
1 2 
1 3 
1 It 
1 5 
1 0 5 
1 1 5 
1 2 5 
1 3 5 
1 k 5 
1 5 5 
1 0 
1 1 
1 2 
1 3 
1 k 
1 5 
1 5 0 
1 5 1 
1 5 2 
1 5 3 
1 5 k 
1 5 5 
1 0 0 
1 1 1 
1 2 2 
1 3 3 
1 h k 
1 5 5 
1 2 1 
1 3 2 
1 It 3 
1 5 k 
1 6 5 
1 7 5 
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Interactions Quadratic Interactions 
0 
1 
U 
9 
l6 
25 
0 0 25 0 
5 1 25 25 
10 2 25 100 
15 k 25 225 
20 9 25 1+00 
25 l6 25 625 
0 
1 
h 
9 
lé 
25 
0 25 0 0 
5 25. 1 25 
10 25 h 100 
15 25 9 225 
20 25 l6 1+00 
25 25 25 625 
0 0 0 0 
1 1 1 1 
k 4 h h 
9 9 9 9 
l6 l6 l6 l6 
25 25 25 25 
2 h 1 
6 9 I» 
12 l6 9. 
20 25 l6 
30 36 25 
35 k9 25 
h 
36 
400 
900 
1225 
Table 7» X-raatrix and Y-vector for the treatments in Group IV 
BSBB X BSSS 
BSBB X BSSS(R)C1 
BSBB X BSSS(R)C2 
BSBB X BSSS(R)C3 
BSBB X BSSS(R)Clt 
BSBB X BSSS(R)C5 
Iowa 13 X BSSS CO 
Iowa 13 X BSSS(HT)C2 
Iowa 13 X BSSS(HT)C3 
Iowa 13 X BSSS(HT)CU 
Iowa 13 X BSSS(HT)C5 
Iowa 13 X BSSS(HT)C6 
Iowa 13 X BSSS(HT)C7 
BSBB X BSCBL CO 
BSBB X BSCB1(R)C1 
BSBB X BSCBL(R)C2 
BSBB X BSCB1(R)C3 
BSBB X BSCBL(R)CU 
BSBB X BSCBL(R)C5 
_m), ... Linear Quadratic 
1 0 0 
1 1 1 
1 2 k 
1 3 9 
1 k l6 
1 5 25 
1 1 0 0 
1 1 2 h 
1 1 3 9 
1 1 It 16 
1 1 5 25 
1 1 6 36 
1 1 7 h9 
1 1 0 0 
1 1 1 1 
1 1 2 It 
1 ] L 3 9 
1 ] L It l6 
1 ] L 5 25 
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Table 8, Combined, analysis of variance when the full 
model is used 
Source df 
Environments e-1 
Reps/Environment r(e-l) 
Entries t^-1 
Treatments 90 
Group I 23 
Lin. k 
Quad. h 
Dev. 15 
Group II 11 
Lin. 2 
Quad. 2 
Dev. 7 
Group III 35 
Lin. 3 
Quad. 7 
Dev. 25 
Group IV 16 
Lin, 3 
Quad 3 
Dev. 10 
Residuals 9 
Env, X Ent, (e-l)(t^-l) 
Ave, Eff, Error^ e(t-l)(rt-t-l) 
^The df for this component in some cases deviates 
from the computed value of this expression depending 
upon the lattice efficiency. 
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EXPERIMENTAL RESULTS 
The experiment means of the various characters in the seven 
environments are listed in Table 9> Data for days to silk, test veight 
and tmssel branch number were collected from only one, tvo and three 
environments, respectively. Stand levels were generally acceptable 
at all locations (above 90% at three and above 80% at all environments), 
and yield levels were adjusted by performing a covariance analysis on 
stand to minimize bias due to this source* 
TOxe average grain yields for the two years were about the same. 
%e hl^est grain yield in 1970 was obtained from the experiment at 
Martinsburg (70027) while in 1971 the hij^xest • yield was from the 
experiment at the Agroncany Farm near Ames (71025). There vas a severe 
wind storm in the early part of the growing season in the Ames area 
in 1971. Although experiments 71025 and 71028 were hit by the storm, 
the effect vas more severe in the latter. Except for a higher Incidence 
of root lodging, these experiments did not seem to be affected much 
by the storm. 
Stalk breakage (i.e., lodging) vas much higher in 1971 than the 
previous year. Root lodging vas so severe at the second site at 
Ames (71028) that no data vere taken on stalk lodging. The experiments 
at Ankeny (71026) and I&rtinsburg (71027) also sustained a hig^ 
incidence of stalk breakage. Surprisingly, experiment 71025 shoved 
the lovest Incidence of stalk breakage despite the high vinds earlier 
Table g. Means of the various characters in several experiments 
CHARACTERS 
Experi­
ment Yield 
(q/ha ) 
Stand 
(%) 
Moist, 
()g) 
Days To 
Silk 
Test 
Weight 
(kg/hi ) 
Tassel 
Branch 
Number 
Ears/100 
Plants 
Root 
Lodge 
(%) 
Stalk 
Lodge 
(%) 
Ear Plant 
Height Height 
(cm ) (era ) 
70025 60.3 81.0 2b,2 92.0 72.8 -a 105,8 8.2 14.1 82.4 182.6 
70026 61.5 93.0 25,3 -
-
- 98,3 0.9 19.8 102.9 204,7 
70027 69.2 96.0 19.7 - 73.1 - - 5.8 11.1 118.7 222,4 
71025 69.8 87.0 18.7 - - 151.3 loU,U - 13.0 82.6 182,7 
71026 61.U 86.7 18.9 -
- 137.6 95.8 5.5 20.8 111.1 219.0 
71027 58.8 96.5 18.0 - - - - 2.1 24.6 123.0 250.8 
71028 58.2 81.7 16.6 -
-
137.7 102, U - - - -
Mean 62.lt 88.4 20.1 92.0 73.0 142,2 101,3 4.5 17.2 103.0 209.5 
I^ndicates no data taken in that environment for the specific character. 
t 
Table 10, Combined analysis of variance for the "Linear Model" 
for all characters from data pooled over all 
environments 
Mean^ g^jjares 
Source df^ Yield Moist 
Ears/100 
Plant 
Test 
Weight 
Environments U58U.00** 2140.00** 3522.00** 12.00* 
(6) (6) (4) (1) 
Reps/Envts. lk0.9k 9.64** 260,23* 2.85 
(7) (7) (5) (2) 
Entries (AdJ) 99 827.60** 17.38** 1438.37* 6.07** 
Treatments 90 681.88** 16.05** 208.68* 6.39** 
Group I 23 118.31* 8.37** 127.94 12.49** 
Linear k 372.76** 16,35** 165.85 24.66** 
Deviation 19 61,75 6.99** 154.87 9.93** 
Group II 11 90.41 1.79 101,48 1.4l 
Linear 2 380.69* 1,06 303.26* 3.98 
Deviation 9 25.91 1.95 56.64 0.84 
Group III 35 325.58** 3.10** 264,64** 2.18 
Linear 3 3212,90** 3.53* 2004,98* 10.12* 
Deviation 32 52.70 3.06** 101.49 1.43 
Gr'oup' IV l6 111.97 1.32 46.12 2.09 
Linear 3 484.17* 2,67 31.36 2.38 
Deviation 13 11.94 0.86 41.70 2.03 
Residual 9 2284.76** 30.70 13735.08** 2.85 
Envts. X Ents. 70.57** 1.32** 101.20** 2.72 
(594) (594) (396) (98) 
Pooled error 38.58 1.02 69.93 2.88 
(612) (595) (441) (161) 
C.V. 9.90 5.01 9.72 2.32 
^Number in parenthesis indicate degrees of freedom for the 
specific character, 
^Data for days to silk are from only one environment. 
• and •• indicate signlficemoe at the 5 and 1? probability 
level, respectively. 
h3 
Tassel 
Branch 
Number 
Date 
Silked^ 
Root 
Lodge 
Stalk 
Lodge 
Ear 
Height 
Plant 
Height 
12313.00** 1746.67** 5573.90** 61937.80** 136918.38** 
(2) (4) (5) (5) (5) 
193.06 - 150.82* 122.22 127.47 995.70** 
(3) (5) (6) (6) (6) 
1250.61** 3.23** 96.08** 462.79** 516.50** 617.69** 
590.50** 0.37 92.96** 333.92** 420.95** 544.39** 
686.79** 1.80 165.02** 131.67** 266.18** 388.70** 
1481.15** 2.12 624.65** 337.03** 874.14** 628.58** 
905.65** 1.73 68.25 88.44 148.72* 338.19** 
456.68 0.94 25.16 222.70** 95.66 136.02 
925.37 0.42 7.42 677.81** 99.08 259.78* 
325.55 I1.O6 29.10 121.57* 94.90 108.52 
594.48** 2.54* 40.93 110.00* 111.62 177.60** 
1483.83** 7.92** 86.45 504.20** 207.64 727.59** 
698.59** 2.04 36.67 72.89 102.62 126.04* 
634.51* 3.22** 52.55 127.70** 43.47 91.33 
199.28 1.52 20.67 217.80* 32.73 57.62 
734.95 3.61 50.99 106.91 45.95 99.11 
7851.92** 31.84** 12.72* 1751.04** 1472.04** 1350.56** 
344.20 - 58.17** 62.03* 81.19* 83.49** 
(198) (396) (495) (495) (495) 
397.83 1.60 25.12 52.71 69.06 56.62 
14.02 1.37 111.08 42.15 8.03 3.58 
uu 
In the growing season. There is a tendency for increased stalk breakage 
with increased plant height. 
The analyses of variance for all characters from data combined 
over all environments, are presented in Table 10. The coefficient of 
variability (CV) values for most of the characters are in the range 
usually observed in maize e3Q>eriments. 
A highly significant variation due to environments was observed 
for all characters except test weight which was significant at the 3% 
level of probability. The interaction between entries and environments 
was significant at the 1% level for grain yield, grain moisture, ears 
per 100 plants, root lodging and plant height and significant at the 
level for stalk lodging and ear height. No significant entries by 
environment interaction was observed for test weight and tassel branch 
number. 
The sums of squares (SS) for entries was partitioned into SS 
for treatments and SS for residuals with 90 and 9 degrees of freedom, 
respectively. The mean squares (MS) for residuals were highly sig­
nificant for grain yield, grain moisture, ears per 100 plants, tassel 
branch number, days to silk, ear height and plant height and significant 
for root and stalk lodging. This is expected since the nine checks 
used represented widely differing genetic material. The only charac­
ter that did not show significance was test wei^t. 
The treatment MS were highly significant for all characters 
except days to silk. The 90 degrees of freedom for the treatments 
vas partitioned into the portions associated with Group I, Group II, 
Group III and Group IV with, respectively, 23,11, 35 and l6 degrees 
of freedom. The partitioning was accomplished by performing an un­
weighted least squares analyses on cycles of selection. 
For convenience, the results with respect to the treatments will 
he presented for each group separately. Group I was composed of all 
entries that had BSSS as the original parent. These included six 
entries from the RES program in BSSS, six entries from the RS for GCA 
program in BSSS, and twelve entries from crossing the above twelve to 
the original BSSS parent. The twelve entries in Group II included the 
six composites developed by RRS in BSCBl and the remaining six derived 
from crossing the above six to the original BSCBl parent. 
In Group III and Group IV all entries were variety-crosses. 
Group III involved crosses of various cycles of BSSS(R) to different 
cycles of BSCBl(R) and the crosses of the various cycles of BSCBl(R) 
to different cycles of BSSS(R) and BSSS(HT). In Group IV other un­
related testers were used to evaluate progress from selection. 
The MS for grain yield for the four groups from the combined 
analysis of variance are listed in column one of Table 10. The 
Group SS was partitioned into linear and deviation portions. The 
linear response was highly siginificant for Groups I and III and 
significant for Group II and IV. No significant deviation from 
linearity was observed in any of the groups,,although a quadratic 
response was observed for BSSS(R) when the approximate t-test 
was made. However, the relative size of the quadratic response was 
small and was not considered of sufficient magnitude to justify further 
considerations since it was not detected in any of the variety crosses. 
The observed and estimated mean grain yield for the original and 
derived populations of BSSS(R), BSSS(HT) and BSCBl(R) are shown in 
Table 11. The mean yield of each entry in each of the seven environ­
ments is shown in Table AL»,Appendix. Table ]1 also shows the linear 
regression coefficients of observed mean yields on cycles of selection 
for the original and derived populations. Significance of the 
b-values is Judged relative to the size of their standard deviations. 
Since deviations from the linear regression on cycles of selection by 
unweighted least squares were nonsignificant, the linear regression 
coefficient gave the best measure of progress and the estimated means 
(Y) are probably a better estimate than the observed means. The mean 
yields of the nine checks ranged from 58.9 q/ha for the double cross 
Iowa 13 to 82,0 q/ha for the single cross (Q97 x 98). 
The average yields of BSSS(R), BSCBI(R), and BBSS(HT) composites 
and their variety crosses are plotted against cycles of selection 
and are shown in Figures 1, 2, and 3, respectively. The linear re­
gression coefficients for BSSS(R) and BSCBl(R) composites are less 
than their standard deviations (0.24 ± 0.40 and 0.^ 7 - 0.44, respect­
ively). This indicates that there was no significant improvement in 
grain yield in the two varieties from five cycles of RRS. In contrast, 
the improvement in grain yield due to seven cycles of RS for GCA was 
Table 11. Observed (Y) and estimated (Y) mean grain yield and 
linear regression coefficients for the original and 
derived populations of BSSS and BSCBl from 5 cycles 
of RRS and of BSSS from 7 cycles of P.S of GCA 
Entries 
Population, 
Per Se 
Population 
X 
BSSS CO 
Population 
X 
BSSS(R)C5 
— A Y Y Y Y Y ? 
BSSS Co 53.5 52.6 56.2 52.6 _ 
BSSS(R)C1 52.5 52.8 56.1 52.6 - -
BSSS(R)C2 5k.5 53.1 5k.9 55.k -
BSSS(R)C3 52.7 53.3 53.7 56.9 — -
BSSS(R)Ck 52.U 53.6 57.5 58.3 - -
BSSS(R)C5 5k.6 53.8 62.0 59.7 - -
b-value 0.2U±0.l40 I.k2±0.k0 
-
-
BSCBl CO 51.3 51.3 58.8 59.8 67.6 67.3 
BSCBl(R)C1 50.5 51.8 59.3 61.0 66.7 68.5 
BSCBl(R)C2 51.1 52.3 63.3 62.2 73.0 69.7 
BSCB1(R)C3 53.9 52.7 65.9 63.5 71.9 70.9 
BSCB1(R)CU 52.0 53.2 61.6 6k.7 71.2 72.2 
BSCB1(R)C5 5k.7 53.7 63.5 65.9 73.3 73.k 
b-value 0.k7±0.kk 1.23±0.20 1.23±0.20 
BSSS CO 53.5 52.6 56.2 52.6 
BSSS(HT)C2 5k.5 5k.1 56.2 52.6 - -
BSSS(HT)C3 55.7 5k.8 51.k 55.k - -
BSSS(HT)C4 51.7 55.6 55.0 56.3 - -
BSSS(HT)C5 5k.9 56.3 56.1 57.3 - -
BSSS(HT)C6 58.3 57.1 59.7 58.2 - -
BSSS(HT)C7 59.6 57.8 61.3 59.1 - -
b-value 0.7kio.27 0.93±0.27 - -
Checks Y Checks Y Checks Y 
Iowa 13 58.9 BSSS2 x BP2 67.2 Q66 X 67 80.2 
BSBB 63.0 BlU X BU5 72.4 B37 x BU5 81.9 
BSSS CO X PA. IHT 6U.0 lA 5115 76.U 097 x 98 82.0 
Population Population Population Population Population 
X X . X X X 
BSCBl CO BSCB1(R)C5 BSCBl(R)On • BSBB lowa 13 
 ^ A, «M A A mm Y Y Y Y Y Y Y Y ? Y 
62.1 59.8 67.1; 65.9 62.3 59.8 62.1 62.3 
61.U 61.3 68.0 67.U 65.9 62.5 63.6 62.9 _ 
6o.6 62.8 66.6 68.9 65.5 65.2 64.0 63.5 — _ 
63.0 6k.3 69.6 70.U 68.3 68.0 62.2 64.U • — 
63.3 65.8 71.0 71.9 73.8 70.5 64.9 64.6 — — 
66.5 67.3 75.4 73.4 72.6 73.4 65.8 65.2 - -
1.50±0.20 1.50±0.20 2.73Ï 0,25 0.59±0.54 - -
52.8 51.3 M mm » 60.3 59.9 
51.1 52.7 mm " - — 59.2 60.4 - — 
55.7 54.1 — — - m. 61.0 60.8 — — 
56.3 55.5 — M - — 61.9 61.2 - 0 
57.5 56.9 M — - — 62.4 61.6 -
57.1 58.3 - - - - 61.2 62.1 - -
1.40±0.44 
- -
- - 0.43±0.54 - -
M «• M M 62.3 59.8 63.1 63.1 
«M M> 63.3 63.4 wm — 67.4 66.4 
— — 65.9 66.0 wm M 67.7 68.1 
— — M — 65.0 68.6 — mm 68.4 69.7 
— — — — 70.8 71.2 — — 71.6 .71.4 
— — mm mm 74.5 73.8 M M 73.4 73.0 
— — 
— — 76.6 74.8 — — 74.8 74.7 
— « ## m# 2.31±0.37 m» « 1.65*0.38 
significant (b * 0.7% ± 0.2?). The estimated gain in grain yield from 
this method vas $.2 q/ha which is equivalent to 9.8% of the original 
parent mean. In terms of gain per cycle of selection, this vill he about 
1.4l% of the parental mean. It is obvious from Table 11 that the 
BSSS(ET)C7 composite compares favorably in yield with its double cross 
tester parent. 
Expected improvements in the BSSS(R)Cn x BSCBl(R)Cn may be 
due to the improvement in the combining abilities of either or both 
parent composites. To detect differences in the rate or magnitude of 
inqprovement in combining' ability of the parental composites, each of 
the various cycles of the BSSS(R) and BSCBl(R) composites were crossed 
to the original and latest version of the tester parent. Also, the < 
various cycles of BSSS(R) and BSCBl(R) composites were each crossed to 
BSBB, a 44-line synthetic variety, to measure the improvement in the 
"general combining ability" of the composites from five cycles of RRS. 
The average yields of such crosses are shown in Table 11. 
The linear regression coefficients from crossing the BSSS(R) 
composites to BSCBl CO, BSCBl(R)C5 and BSBB are 1.50 t 0.20, 
1.50 i 0.20 and 0.59 * 0.54, respectively (Figure l). The coefficients 
for the former two sets of crosses were forced to be identical by 
the model used and are significant, while the coefficient for crosses 
to BSBB is not. This suggests that the improvement in combining 
ability of BSSS in five cycles of RRS for grain yield, as measured by 
the BSCBl CO and BSCBl(R)C5 tester, is significant. 
Figure 1. Grain yield response of BSSS(R) composite 
itself and in crosses with a related and 
unrelated testers from data averaged 
across seven environments. 
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Figure 2 shows the graph of the average yields of BSCBl(R) com­
posites crossed to BSSS CO, BSSS(R)C5 and BSBB plotted against cycles 
of selection. The estimated linear regression coefficients are 
1.23 * 0.20, 1,23 i 0.20 and 0.43 ^  0.54, respectively. These 
are similar to those for the BSSS population crosses. 
Figure 3 shows the mean yields of BSSS(HT)Cn crossed to BSSS CO 
ffiad Iowa 13. The linear regression coefficient for the latter set 
of crosses is 1.65 - 0.38 and is significant. Ihis relationship is 
expected since the composite is developed using this double cross as 
a tester parent. 
The various cycles of BSSS(R), BSSS(HT) and BSCBl(R) composites 
were crossed to their respective original parents. The average yield 
of such crosses are shown in Table 11. The regression coefficients of 
the crosses of B8SS(R)Cn x BSSS CO and BSCBl(R)Cn x BSCBl CO are about 
the same, i.e., 1.42 1 O.UO and l.Uo ± 0.44, respectively. These 
represent roughly a six- and three- fold increase over *hat was ob­
tained for the respective composites. On the other hand, the regres­
sion coefficient for the BSSS(HT)Cn x BSSS CO crosses was 0.93 - 0.27 
which is not significantly different from that observed for BSSS(HT) 
composites. 
The rate of gain in grain yield in the variety-crosses is much 
higher than that observed for the parents from both methods of selec­
tion. The linear regression coefficients for the crosses of BSSS(R)Cn x 
BSCBl(R)Cn and BSSS(HT)Cn x BSCBl(R)Cn are 2.73 ± 0.25 and 2.31 * 0.31, 
Figure 2. Grain yield response of BSCBl(R) composite 
itself and in crosses with a related and 
unrelated testers from data averaged across 
seven environments. 
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Figure 3. Grain yield response of BSSS(HT) composite 
itself and in crosses with a related and an 
unrelated tester from data averaged across 
seven environments. 
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respectively (T&tle 11 and. Figure U). These are significantly different 
from zero, although not from each other. The total estimated improve­
ment in the variety cross of BSSS(R)Cn x BSCBl(R)Cn is 13.6 q/ha 
which amounts to 22.7# of the original variety-cross mean, i.e., 
BSSS CO X BSCBl CO, Similarly, the total improvement in 
(BSSS(HT)Cn x BSCBl(R)Cn) cross is lb.5 q/ha, which amounts to 2U.255 
of the original variety cross mean. These gains, in terms of cycles 
of selection, are 4.7 and 3.5% per cycle of the original variety cross 
mean, respectively. 
If the graph of the improvement of the variety crosses 
BSSS CO X BSCBl CO, BSSS(R)C2 X BSCB1(R)C2, etc. were to be super­
imposed on the graph of the crosses of BSSS(R)Cn x BSCBl CO and 
BSCBl(R)C5 or BSCBl(R)Cn x BSSS CO and B88S(R)C5, one would find that 
the regression coefficients of the variety cross is the sum of the coef­
ficients of the two parent composites. This would suggest that there 
is no difference in the contribution of each parental composite to 
their hybrids. 
The LSD (5%) for the experiment was 6.35 q/ha; hence, the latest 
version variety crosses are similar in grain yield to the elite single 
cross check varities B37 x BlU, Bl4 x B45, Q66 X 67, and Q97 x 98. 
Since the yield of the variety cross represent an average value, 
seme genotypes in the variety cross must yield much higher than the 
average of the cross. Consequently, inbred lines could be extracted 
to form single crosses with higher yields than the variety crosses. 
The variance component estimates and other relevant data for the 
Figure U, Grain yield response of the composites and their 
hybrids to two methods of recurrent selection 
averaged across seven environments. 
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various cycles of BSSS(R), BSCBl(R) and BSSS(HT) composites are shown 
in Table 12. These estimates are obtained from selection experiments 
grown in different years; therefore, caution must be exercised in inter­
preting the results. There is a general increase in the error variance 
(s^ç) while the genotype by environment interaction variance (s^gg) 
remained more or less the same. There is a substantial reduction in 
the genetic variance in BSSS(R) and even more so in BSCBl(R). This 
is reflected by the reduction in the heritability values (H) over the 
five cycles of BBS in these composites. The genetic variance has 
more or less remained stable through the seven cycles of BS for GCA 
in BSSS(HT). 
The expected rate of gain in grain yield in the hybrids of these 
composites can be estimated from the data in Table 12. Using the 
pooled estimates, the expected genetic advance per cycle of selection 
in the BSSS(B)Cn x BSCBl(R)Cn hybrids was 5*55 q/ha, which represents 
a contribution of 2.27 and 3.28 q/ha from BSSS(B) and BSCBl(B) 
parents, respectively. The observed advance per cycle of selection 
on the other hand, vas only 2.73 q/ha with 1.50 and 1,23 from 
BSSS(B) and BSCBl(R), respectively. The expected genetic advance for 
the BSSS(HT)Cn x Iowa 13 hybrids per cycle of selection was 3*17 q/ha 
while the observed advance vas only 1,63 q/ha. Hhus the observed gain 
is about one-half of the expected gain from both hybrids. 
Heterosis, as measured from the mid-parent value, is substantially 
increased in the variety crosses from both methods of selection 
Table 12. Summary of estimates of varjance components, heritabilities (H), selection differ­
entials (D), and testcross means (X) from RRS in BSSS(R) ami from RS for GCA in 
BSSS(HT) for grain yield (q/ha) 
VARIANCE C0MP0NMT5 
Selection 
Population s^ge s^e H® Db 
BS88(B)C0 13.3 ± 3.4 27.9 ± 3.0 .59 5.1 46.4 
BSSS(R)C1 11.1 ± 2.4 0.3 ± 1.7 32.7 ± 2.4 .67 7.0 53.5 
BSSS(R)C2 3.9 ± 1.2 2.4 ± 1.7 49.0 ± 2.5 .45 4.8 53.5 
BSSS(R)C3 4.2 ± 1.7 4.4 ± 1.8 23.7 ± 1.7 .40 5.3 74.4 
BSS8(R)C4 2.0 ± 1.0 3.1 ± 2.0 30.1 ± 2.4 .30 4.3 67.3 
Pooled (Cl-CU) 4.5 ± 0.8 3.5 ± 1.0 37.1 ± 1.2 .42 5.4 62.1 
BSCBl(R) CO 20.8 ± 3.7 - 14.9 ± 1.6 .81 4.4 42.2 
BSCB1(R)C1 16.9 ± 3.8 2.4 ± 2.3 33.9 ± 2.7 .71 7.8 53.5 
BSCB1(R)C2 2.8 ± 1.1 5.5 ± 1.7 40.3 ± 2.1 .37 4.5 52.0 
BSCB1(R)C3 7.8 + 2.5 6.6 ± 2.3 25.2 ± 1.8 .51 6.7 74.5 
BACB1(R)C4 5.7 ± 1.5 5.8 ± 1.8 23.5 ± 1.8 .56 4.6 66.9 
Pooled (Cl-CU) 7.2 ± 1.1 5.7 ± 1.0 32.8 ± 1.1 .52 6.3 61.7 
BSSS(HT)CO 23.6 ± 0*9 " 13.6 ± 1.2 .48 4.4 46.4 
BSSS(HT)C1 17.6 ± 0.2 12.1 ± 4.5 .84 7.8 53.5 
BSSS(HT)C2 9.9 ± 2.6 5.9 + 2.2 29.3 ± 2.1 .89 7.4 65.4 
BSSS(HT)C3 -1.5 ± 3.6 13.5 ± 5.6 63.2 ± 5.1 —.10 6.7 45.3 
BSSS(HT)CU 3.4 ± 1.3 7.0 ± 1.8 37.7 ± 2.0 .41 5.1 69.8 
BSSS(HT)C5 ao.3 ± 2.3 3.0 ± 2.1 32.5 ± 2.5 .68 5.7 85.3 
BSSS(HT)C6 9.1 ± 2.2 6.6 ± 2.2 30.4 + 2.4 .63 5.7 67.6 
Pooled (C2-C6) 7.9 ± 1.1 6.6 ± 1.0 38.0 ± 1.2 .52 6.1 66.7 
= s2g/(s2g + s^g/r + s^g/rl); negative estimates represent zero, 
 ^= (XG-f ) 
®These means are from previous experiments and are not used for analyses in this experi­
ment. 
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(Table 13). The heterosis in BSSS(R)C0 XBSCB1(R)C0 was l8.9%. %is 
was increased to by the end of the fifth cycle of RES, The hetero­
sis in BSSS(HT)C7 X BSCB1(R)C5 was 33.9% which is in the same range 
as in the previous case. 
The group MS for the remaining nine characters are also shown 
in Table 10. Stalk lodging is the only character that showed con­
sistent significance at the 1 or 5% level in all four groups. Most 
of the significant group MS*s for all characters were observed in 
Group I and III. 
The Groups MS's for all characters were partitioned into a linear 
and deviation portions with appropriate degrees of freedom. The linear 
responses were highly significant for all characters except ears per 
100 plants and days to silk in Group I; highly significant for stalk 
lodging and significant for ears per 100 plants and plant height in 
Group II; highly significant for tassel branch number, days to silk, 
stalk lodging, and plant height and significant for all other characters 
except ear height in Group III; and significant only for stalk lodging 
in Group IV. The deviation from linearity was significant or highly 
significant in only 9 cases out of a possible 36, and most of these 
were either in Group I or Group III. Since these values are relatively 
of smaller magnitude as compared to the linear response and were not 
consistent across testers, no farther analyses were performed on the 
deviations. 
The means of the various characters for treatments and the nine 
Table 13. Observed heterosis among the crosses of the various cycles 
of BSSS(R)Cn x BSCBl(R)Cn and BSSS(HT)Cn x BSCB1(R)C1 
Heterosis 
Observed(Y) Estimated(y) 
Crosses q/ha, % MP®- q/ha, % MP 
BSSS CO X BSCB1( CO 9.9 18.9 7.8 13.4 
BSSS(R)Cl X BSCB1(R)C1 l4.4 19.5 10.2 16.3 
BSSS(R)C2 X BSCB1(R)C2 12.7 23.7 12.5 19.2 
BSSS(R)C3 X BSCB1(R)C3 15.0 28.1 15.0 22.1 
BSSS(R)CU X B8CB1(R)C4 21.6 Ul.U 17.1 24.3 
BSSS(R)C5 X BSCB1(R)C5 22.0 33.0 19.6 26.2 
BSSS(HT)C2 X BSCB1(R)C1 10.8 20.6 10.4 l6.4 
BSSS(HT)C3 X BSCB1(R)C2 12.5 23.4 12.4 18.8 
BSSS(HT)Clt X BSCB1(R)C3 12.2 23.1 l4.4 21.0 
BSSS(HT)C5 X BSCB1(R)CU 17.4 32.6 16.4 23.0 
BSSS(HT)C6 X BSCB1(R)C5 18.1 32.1 18.4 24.5 
BSSS(HT)C7 X BSCB1(R)C5 19.4 33.9 19.0 25.4 
4^? = Mid-parent. 
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checks across all environments are listed in Table l4. The linear 
regression coefficients for stalk lodging from the composites of 
BSSS(R), BSSS(HT) and BSCSl(R) are, respectively, -0,88 i O.Ul, 
-1.01 ± 0.27, and -1.98 ± 0.44 (Table 15). This indicates that there 
has been significant improvement- in stalk lodging in both BBS and RS 
for GCA program. The total reduction in stalk lodging in five cycles 
of BBS vas 2h and 28% of the parental mean in BSSS(B) and BSCBl(B), 
respectively. Seven cycles of BS for GCA in BBSS has reduced stalk 
lodging ih BSSS(BT) by k9%t As shown in Table l4, and 15, the percent 
stalk lodging in the original BSSS parent, BSCBl parent and Iowa 13 
are 12,6, 29,9 and 35.6, respectively. The stalk lodging of the last 
cycle composites were 9.6, 21.U and 6.U for, respectively, BSSS(B), 
BSCBI(R) and BSSS(HT). It is obvious that selection for grain yield 
has succeeded in improving the stalk quality of the composites. The 
mean stalk lodging for all treatments in the various environments are 
shown in Table A2, Appendix. 
The improvement observed in the variety-crosses of 
BSS8(R)Cn X BSCBl(R)Cn, although significant, was not very large 
(b = -0.75 - 0.26). The observed stalk lodging in the original and 
the latest variety cross was 20.9 and l6.0%, respectively. In contrast 
the stalk lodging observed in BSSS(HT)C7 X BSCB1(B)C5 was only 13.9%. 
These results indicate that the greatest improvement was made in 
BSCBI(R) and BSSS(HT) composites. The regression coefficients for 
stalk lodging for the crosses of BSSS(B), BSSS(HT) and BSCBl(B) : 
Table LU, Means (Y) of various characters in BSSS(R) crossed with related and unrelated 
testers from data pooled over all environments 
CHARACTERS 
Days Ear/ Tassel 
To 100 Test Branch Root Stalk Ear Plant 
Entries Moist. Silk Plants Weight Number Lodge Lodge Height Height 
BSSS CO 23.1 94.6 93.8 70.4 144.9 2.8 12.6 105.2 211.5 
BSSS{R)C1 22.2 93.5 97.9 71.0 153.7 1.3 l4.0 93.5 198.1 
BSSS(R)C2 21.9 93.1 96.8 72.9 147.6 1.9 14.5 94.9 202.2 
BSSS(R)C3 20.3 92.9 102.1 74.4 146.0 0.1 17.8 90.8 193.5 
BSSS(R)CU 20.1 93.1 96.9 76.0 145.1 2.6 12.1 90.4 195.5 
BSSS(R)C5 20.6 93.3 99.8 73.5 144.9 0.0 . 9.6 95.9 203.3 
BSSS CO X BSSS CO 21.2 94.2 98.4 75.4 129.6 3.3 15.8 105.1 212.4 
BSSS CO X BSSS(R)C1 21.3 94.7 89.6 71.4 136.4 2.8 13.7 100.4 203.7 
BSSS CO X BSSS(R)C2 21.4 92.9 94.2 72.3 155.6 2.3 11.4 103.6 203.6 
BSSS CO X BSSS(R)C3 21.5 91.9 93.6 71.2 153.3 1.4 14.5 103.9 199.8 
BSSS CO X BSSS(R)Ch 21.4 94.2 97.8 72.8 159.0 2.5 12.8 99.1 207.6 
BSSS CO X BSSS(R)C5 22.2 93.3 96.9 71.1 146.4 3.5 8.8 102.3 211.3 
BSCBL CO X BSSS CO 19.6 92.4 94.0 73.2 162.3 2.6 19.7 106.9 214.6 
BSCBl CO X BSSS(R)C1 19.6 91.5 99.4 72.6 148.5 2.1 18.9 101.8 208.6 
BSCBl CO X BSSS(R)C2 20.2 90.1 97.4 73.7 140.3 0.8 21.2 100.2 209.8 
BSCBl CO X BSSS(R)C3 19.6 90.5 102.6 74.4 131.4 2.3 17.3 98.1 202.6 
BSCBl CO X BSSS(R)CU 19.2 90.5 98.3 73.3 136.6 2.0 17.5 99.5 206.7 
BSCBl CO X BSSS(R)C5 19.1 92.5 108,5 73.8 129.5 4.7 19.0 104.4 213.7 
BSCBl(R)C5 X BSSS CO 20.U 92.9 98.6 72.7 143.2 2.9 14.1 103.6 213.8 
BSCB1(R)C5 X BSSS(R)C1 19.8 92.7 103.9 74.1 149.8 3.0 19.2 112.8 213.2 
BSCB1(R)C5 X BSSS(R)C2 19.8 91.4 103.1 72.6 127.4 1.7 18.9 99.9 208.9 
BSCB1(R)C5 X BSSS(R)C3 19.5 92.2 98.9 74.0 142.9 6.9 14.8 102.4 208.3 
BSCB1(R)C5 X BSSS(R)CU 19.5 91.6 104.4 74.7 l4i.0 1.6 16.9 102.8 211.2 
BSCB1(R)C5 X BSSS(R)C5 20.1 91.9 111.6 73.5 145.4 1.9 17.1 108.2 217.2 
Table lU, (continued) 
Entries 
Days 
To 
Miost. Silk 
Ear/ Tassel 
100 Test Branch Root Stalk Ear Plant 
Lodge Lodge Height Height 
BBSS CO X BSCBl CO 19.6 92.2 95.4 72.8 152.8 8.6 21.2 102.3 209.8 
BSSS X BSCB1(R)C1 19.T 92.0 94.7 71.6 147.3 4.0 19.0 99.7 206.8 
BSSS CO X BSCB1(R)C2 19.8 93.4 97.2 72.8 136.9 3.2 12.7 104.1 213.3 
BSSS CO X BSCB1{R)C3 20,4 92.0 94.8 72.6 158.8 6.0 15.5 103.1 211.1 
BSSS CO X BSCBl(R)CU 19.8 93.9 98.6 72.9 144.2 7.3 15.5 103.9 215.7 
BSSS CO X BSCB1(R)C5 19.5 91.2 95.7 72.6 142.3 4.6 17.6 102.3 208.2 
BSSS(R)C5 X BSCBl CO 19.k 89.8 106.3 73.6 155.1 3.9 22.6 106.5 213.5 
BSSS(R)C5 X BSCBl(R)CI 20.1 89.0 105.0 74.2 138.3 3.1 13.7 102.5 214.0 
BSSS(R)C5 X BSCB1(R)C2 20.2 93.5 106.0 73.3 129.5 2.2 l4.o 106.3 216.6 
BSSS(R)C5 X BSCBl(R)C3 19.7 91.4 115.5 73.2 135.0 4.0 18.3 104.5 216.4 
BSSS(R)C5 X BSCB1(R)CU 20.1 90.7 106.4 73.2 131.1 1.0 15.7 105.8 211.1 
BSSS(R)C5 X BSCB1(R)C5 19.5 90.6 102.5 73.4 I4I.9 2.2 14.3 102.5 214.4 
BSBB X BSCBl CO • 19.3 92.5 99.3 75.0 137.2 3.8 18.2 99.3 207.2 
BSBB X BSCB1(R)C1 19.3 90.9 104.0 73.7 158.7 2.3 21.2 99.7 205.9 
BSBB X BSCBl(R)C2 19.3 91.5 103.0 73.8 132.1 5.9 19.6 104.4 214.6 
BSBB X BSCBl(R)C3 19.7 91.3 101.4 73.3 165.5 7.3 16.6 99.2 207.0 
BSBB X BSCB1(R)CU 19.4 93.4 104.8 74.0 142.2 3.9 15.7 100.1 208.0 
BSBB X BSCBl(R)C5 19.4 91.9 103.9 73.8 150.4 5.8 23.0 100.5 204.3 
BSSS(HT)C2 22.8 95.1 97.4 71.4 157.0 5.3 20.7 105.8 212.3 
BSSS(HT)C3 21.1 93.8 97.7 70.4 153.6 3.5 12.2 103.1 203.7 
BSSS(HT)CU 20.5 92.7 93.1 70.7 137.4 6.0 13.3 97.3 198.8 
BSSS(HT)C5 20.5 92.7 101.5 71.8 144.6 8.2 10.3 103.8 205.1 
BSSS(HT)C6 21.7 94.6 97.6 76.1 118.6 5.5 11.1 101.5 208.5 
BSSS(HT)C7 22.h 93.4 96.1 75.8 122.9 20.8 6.4 104.7 208.7 
Table lU. (continued) 
Entries 
Days 
To 
Moist, Silk 
Ears/ Tassel 
100 Test Branch 
Plants Weight Number 
Root,Stalk Ear Plant 
Lodge.'Lodge Height Height 
BSCBl CO X BSSS CO 19.6 93.0 98.4 72.4 147.4 4.9 20.9 101.9 207.2 
BSCB1(R)C1 X BSSS(R)C1 19.6 91.k 102.8 72.9 147.3 3.3 18.2 104.7 212.7 
BSCB1(R)C2 X BSSS(R)C2 19.3 91.2 101.1 72.3 158.7 2.4 19.5 99.6 210.1 
BSCB1(R)C3 X BSSS(R)C3 19.9 91.0 100.4 73.7 152.9 6.0 15.0 100.4 209.9 
BSCB1(R)C4 X BSSS(R)C4 19.3 91.5 108,2 74.2 152.4 3.9 11.6 106.2 216.7 
BSCB1(R)C5 X BSSS(R)C5 19.8 92.1 108.5 73.5 139.5 4.2 16,0 102.6 215.4 
BSBB X BSSS CO 21.0 92.1 99.3 72.7 154.5 0.9 13.3 102.1 208.9 
BSBB X BSSS(R)C1 20.1 93.2 98.0 74.1 140.2 0.8 12.4 102.3 207.0 
BSBB X BSSS(R)C2 20.8 90.3 100.0 73.3 134.5 1.2 15.4 98.5 208.0 
BSBB X BSSS(R)C3 20.6 90.1 101.0 73.0 142.2 2.2 15.5 100.0 206.6 
BSBB X Bg8S(R)c4 20.1 91.0 101.1 73.8 153.7 1.2 15.1 104.5 211.6 
BSBB X BSSS(R)C5 19.9 91.1 98.1 72.7 157.5 2.5 12.4 100.4 209.6 
BSCBl CO 18.9 92.6 95.8 73.2 149.3 7.2 29.9 96.4 200.7 
BSCBl(R)CI 18.U 93.2 98.0 72.4 I40.7 6.9 25.3 92.6 203.3 
BSCBl(R)C2 18.7 91.8 99.5 72.1 131.8 9.3 20.9 95.3 201.4 
BSCB1(R)C3 19.k 93.4 103.3 73.3 152.9 5.5 22.4 96.9 203.2 
BSCBl (R)Clt 18.4 92.8 99.7 73.7 129.1 4.8 20.7 95.7 201.3 
BSCB1(R)C5 19.0 93.0 106.0 73.7 131.9 8.5 21.4 95.7 199.5 
BSCBl CO X BSCBl CO 19.2 92.1 98.3 72.9 144.5 4.9 32.3 99.9 207.8 
BSCBl CO X BSCB1(R)C1 18.8 93.6 95.7 73.0 l46,6 4.6 27.1 99.3 206.9 
BSCBl CO X BSCB1(R)C2 19.0 94.2 102.0 73.2 154.5 7.4 29.4 103.5 209.9 
BSCBl CO X BSCBl(R)C3 18.6 92.8 98.1 73.4 149.3 7.2 18.6 97.3 204.1 
BSCBl CO X B8CB1(R)C4 19.5 92.6 96.0 73.5 144.8 8.6 22.0 95.9 201.0 
BSCBl CO X BSCB1(R)C5 19.1 93.5 101.0 74.2 135.0 6.1 24.0 98.8 207.3 
BSSS CO X BSSS(HT)C2 22.5 96.1 88.5 70.5 150.1 3.9 12.4 104.5 214.1 
BSSS CO X BSSS(HT)C3 21.6 94.3 96.4 70.6 142.9 2.4 16,6 103.7 207.5 
I 
(Cable lit. (continued) 
Days Ear/ Tassel 
To 100 Test Branch Root Stalk Ear Plant 
Entries Moist. Silk Plants Weight Number Lodge Lodge Height Height 
BSSR CO X BSSS(HT)lt 21.2 92.7 95.0 70.7 lkO.9 k.9 8.1 95.5 198.5 
BSSS CO X BSSS(HT)5 22.2 93.2 93.6 70.5 135.k 3.7 8.9 102. k 208.1 
BSSS CO X BSSS(KT)6 21.8 9k.6 93.8 71.k lk9.9 3.6 9.7 103.0 207,7 
BSSS CO X BSSS(HT)7 22.3 93.8 103.8 72.0 128.1 6.8 9.k 102. k 209,5 
BSSS(HT)C2 X BSCB1(R)C1 20.9 9k.1 99.6 72.9 166.0 2.8 16.7 106.2 21k, 2 
BSSS(HT)C3 X BSCB1(R)C2 19.6 92.3 99.6 72.9 lkk.5 3.3 ik.O 105.7 212,7 
BSSS(HT)CU X BSCB1(R)C3 21.3 91.9 93.7 73.6 161.3 6.k 15.2 102.1 210,3 
BSSS(HT)C5 X B8CB1(R)C4 19.0 92.0 102.8 7k.6 135.5 6.2 8.8 105.3 216. k 
BSSS(HT)C6 X BSCB1(R)C5 20.0 92.U 10k. 9 7k.2 131.3 2.5 13.1 106.3 217,0 
BSSS(KT)C7 X BSCB1(R)C5 20.1 91.5 102.2 73.8 lk3.2 8.k 13.0 108.5 221.3 
IOWA 13 X BSSS Co 20.0 92.8 99.k 73.3 lk2.1 9.9 2k.0 115. k 222.6 
IOWA 13 X BSSS(HT)C2 20.0 95.5 101.6 71.8 152.k 6.9 32.1 118.9 22k. 5 
IOWA 13 X BSSS(HT)C3 20.3 9k.9 99.8 71.2 138.0 3.0 2k.2 117.7 223.9 
IOWA 13 X BSSS(HT)CU 19.8 92.0 96.9 72.2 125.6 8.2 23.0 116.5 221.3 
IOWA 13 X BSSS(HT)C5 20.0 93.1 10k. k 71.9 lk7.0 6.k 22.0 117.0 220.8 
IOWA 13 X BSSS(HT)C6 19.8 92.2 101.5 72.6 Ikk.i 12.6 17.9 120.0 227,5 
IOWA 13 X BSSS(HT)CT 19.7 95.6 99.6 70.7 139.7 7.6 19.9 120.0 226.5 
IOWA 13 19.2 9k.0 97.8 72.8 131.2 8.k 35.6 Ilk. 6 221.1 
BSBB 19.5 92.2 103.6 73.3 136.1 1.7 22.8 102.8 208.3 
BlU X BU5 18.0 93.k 99.k Tk.2 77.0 2.8 5.6 100.5 208.7 
B37 X BU5 20.5 92.5 100.1 75.0 9k.8 3.3 Ik.3 103.3 21k.8 
IOWA 5115 19.7 92.3 101.8 72.1 102.2 O.k 11.7 106,6 216.0 
Q97 X 98 23.5 92.7 lk8.8 70.9 137.7 11,2 12.6 122.7 218.0 
0,66 X 67 18.7 92.9 200.6 73.3 98.3 3.6 k3.2 125.5 203.7 
BSSS CO X PA. INT. 21.1 9k.0 96.2 72.k 155.6 1.8 19.7 108.7 21k.1 
BSSS2 X BS2 20.8 91.6 98.8 7k.8 175.1 8.7 8.9 110.3 215,2 
Mean 20.2 92.6 101.3 73.0 lk2.3 17.2 102 f? 215.2 
Table 15. Mean performance of the original entries and 
derived populations, and linear regression 
coefficients for various characters from data 
pooled over all environments 
CHARACTERS 
Testers 
Grain 
Moisture 
Days To 
Silk 
Ears Per 
100 Plants 
Test 
Weiffht 
BSSS CO 
BSCBl CO 
BSCBl(R)Cn 
BSBB 
BSSS CO 
BSCBl(R)Cn 
IOWA 13 
BSCBl CO 
BSSS CO 
BSBB 
(23.1)* 
-.3U±0.05 
..70±0.05 
..0k±0.03 
-.01±0.03 
-.16±0.07 
..05+0.Ok 
.OOiO.OU 
.1210.05 
.30±0.07 
(18.9) 
.00±0.06 
.66±o.o6 
.03+0.03 
..05±0.05 
BSSS(R)Cn 
(9U.6) 
-.32±0.16 
-.28±0.16 
-.28±0. 8 
-.16±0.10 
-.37±0.21 
(93.8) 
1.3810.57 
O.U71O.57 
1.0110.28 
l.itllO.33 
0.1210.70 
BSSS(HT)Cn 
..1010.11 
..0810.11 
.3310.15 
.12+0.21 
0.6510.38 
0.4910.38 
-0.1010.52 
0.68+0,76 
BSCBl(R)Cn 
(92.6) 
.2010.17 
.1210.17 
.1210.08 
.0310.15 
(98.8) 
I.U81O.62 
0.5310.62 
0.U010.28 
0.1710.5% 
(70.1') 
.56+0.15 
.lUi0.15 
.20+0.07 
.22+0.09 
-.0310.20 
.U31O.IO 
..0210.10 
.0910.14 
..16+0.20 
(73.2) 
.2010.16 
.2610.16 
.0210.07 
.1910.11» 
''•If specific testers are not shown, the data are for the 
population per se. 
F^igures in parentheses are the estimated mean of the 
original population (CO). 
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conqposites to the various testers are also shown in Table 15. Except 
in three cases, all regression coefficients are greater than twice 
their standard deviations. 
The mean grain moisture at harvest and days to silk for all 
entries in various environments are shown in Table A3, Appendix and 
Table lU, respectively. Both traits are indicators of days to maturity. 
The linear regression coefficients for both characters (i.e., 
-0.34 * 0.05 for grain moisture and -0.32 i 0.l6 for days to silk) 
indicate a trend for earliness in the BSSS composites per se in the 
BBS program. These changes were detected with most of the other testers 
too. Ho significant change in maturity date was observed in the 
BSCSl(B) and BSSS(HT) composites. There was no consistent trend for 
maturity observed in the variety-crosses from both selection programs. 
The average ears per 100 plants for all entries in several 
environments are listed in Table AU, Appendix. The estimated linear 
regression coefficients were 1.38 ± 0.57» 0.65 - 0.38 and 1.48 * 0.62 
for the BSSS(B), BSSS(HT) and BSCBl(B) composites, respectively 
(Table 15). The coefficients for BSSS(B) and BSCBl(B) composites are 
greater than twice their standard deviations suggesting a significant 
improvement in prolificacy. However, this iinprovement did not lead to 
an associated increase in mean grain yield. In fact, the trend observed 
is just the opposite. Significant improvement in grain yield was 
observed in BSSS(HT) composites where there vas no change in prolif­
icacy. The total increase in prolificacy in both BSSS and BSCBl in 
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the RRS program was about 7% of the original parent mean. The improve­
ment in the BSSS(R} variëty-crosses vith various testers follow the 
same trend as in the parental sources. 
The average test weight and average tassel branch number for all 
entries in two and three environments, respectively, are shown in 
Table A5, Appendix* Only the BSSS(R) coinposites and the variety-
crosses of BSSS(R)Cn x BSCBl(R)Cn show a significant increase in mean 
test weight (b • 6.56 * 0.15 and 0.22 * 0.09, respectively. Table 15). 
However, the rate of increase is very small. 
The linear regression coefficients for tassel branch number were 
-0.63 - 1.35# -2.80 i 0.90 and -3.35 - 1.^ 6 for, respectively, 
BSSS(R), BSSS(HT) and BSCBl(R) composites (Table 15). The average 
reduction in tassel branch number was significant in the later two 
composites. The linear regression coefficients for the same character 
were -2.83 i 0.85, -0.79 - 1.24 and 1.43 ^  I.80 for the variety-crosses 
of BSSS(R)Cn x BSCBl(R)Cn, BSSS{HT)Cn x BSCBl(R)Cn and BBSS(HT) x 
Iowa 13, respectively (Table 15), but only the first coefficient is 
significantly different from zero. 
The mean root lodging, ear hei^ t and plant height for all 
treatments grown in several environments are listed in A6, A7 and A8, 
respectively, in the Appendix. Only the BBSS(HT) composites show a 
significant positive trend in mean root lodging (b = 1.58 - 0.29. 
Table 15). The major part of the increase can be accounted for by the 
large percentage root lodging observed in the seventh cycle composite. 
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although an increasing trend of smaller magnitude was obvious 
throughout the selection cycles (Table lU). 
There was a significant decrease in ear and plant height in 
BSSS(R) composites while the BSCBl(R) composites showed a significant 
decrease only in plant height. 
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DISCUSSION 
From the results of two cycles of RRS for grain yield in BSSS and 
BSCBl, Penny (1963) reported an average gain of 3.1% per cycle in the 
variety crosses. In a later report involving four cycles in the same 
material, Hallauer (1970) indicated an average gain of only about 1.0% 
of the original variety cross mean per cycle of selection. Penny and 
Eberhart (1971) used the least square procedure to analyze data from 
different experiments involving several cycles of BSSS and BSCBl 
parents and their hybrids, and concluded that the average gain per cycle 
of selection in the variety crosses was 1,8% of the original variety 
cross mean. Both Hallauer (1970) and Penny and Eberhart (1971) in­
dicated that while the mean yields of the BSSS parent increased, the 
mean yield of BSCBl decreased slightly in four cycles of selection. 
Results from this experiment are in general agreement with what 
was observed by the above authors with respect to the variety crosses, 
although the estimated rate of gain per cycle was higher (4,6%) in 
this experiment. Several other workers have found significant improve­
ment in the variety crosses from RRS (Thomas and Grisscm, 19^ 1; Douglas 
et al,, I96I; Moll and Stuber, 1971; Brown and Allard, 1971, among 
others). However, the response of the parental materials to RPS TOS 
not consistent. Most of the experimental results referred to so far 
indicated a significant positive response in one of the varieties while 
the other variety showed a slight negative response or no response to 
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RRS. The results from this experiment, on the other hand, indicated that 
RRS had very little effect on either parent. 
Such results would be expected on the basis of the ultimate objec­
tive of a RRS program. RRS was designed to improve the performance of 
the variety cross between the two source populations (Comstock et al., 
19^ 9 and Comstock et al., 1956). Since selection of elite lines for 
recombination within each variety is on the basis of intervariety cross 
performance, as opposed to intravariety cross performance, there is no 
direct selection pressure applied to improve the parent varieties per se 
with RRS. Therefore, the change observed in the varieties themselves 
in response to RRS must be due to indirect selection and is dependent 
upon the type of gene action most important in the expression of the 
character under selection as well as on the covariance between the 
additive effects of the intravariety crosses with the additive effects 
in the intervariety crosses (Cress, 1966 and 1967; Moll and Stuber, 
1971). 
If the degree of dominance (i.e., _a=%^ a%)^ /, where and 
represent the additive and dominance variance, respectively (Gardner 
et al., 1953)) is one or less than one at most loci controlling the 
expression of the character under selection, the average performance 
of the varieties, with respect to the character, is expected to either 
improve or remain the same with an improvement in the mean performance 
of the variety cross. If, however,^  is greater than one at most 
loci (i.e., overdcminance), improvement in the variety cross could be 
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expected to result in decreased performance of the varieties themselves. 
The degree of dominance may not be uniformly the same at all loci, 
thus s (me may show partial or complete dominance while others may show 
overdcminanee. Under such conditions, the parental performance might 
not be changed even though the variety cross showed considerable im­
provement. In all cases, the starting gene frequency of the dominant 
favorable alleles in the varieties, the rate of random fixation of un­
desirable alleles (inbreeding depression)„ and other factors could 
modify the expected results (Ccmstock et al,, 19^ 9 and Cress, 196T). 
Moll and Stuber (l97l) found that six cycles of RRS in the open-
pollinated varieties Jarvis and Indian Chief has significantly improved 
the mean yield of the variety crosses and Jarvis while Indian Chief 
failed to show any response to selection. Comparison of the results 
from RRS to that obtained from full-sib selection in the same selection 
material led the authors to conclude that the observed results could 
best be described by "overdominance or overdominant type" gene action. 
Douglas et al. (1961) reported that three cycles of RRS for grain yield 
in Yellow Surecropper and Ferguson's Yellow Dent varieties of maize 
has improved the mean yield of the latter parent and the variety cross 
with no appreciable effect in the Yellow Surecropper parent. They 
felt that the observed result could best be explained on the basis of 
the "favorable dominant gene" hypothesis. 
Results of five cycles of RRS has significantly increased the mean 
yields of the variety cross while no appreciable effect was observed in 
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the varieties themselves in this experiment. These results may not be 
sufficient to justify conclusion about the type of gene action most 
important for grain yield. On the basis of a computer simulation study 
reported by Cress (1967), the results observed in this experiment could 
be explained by either the "favorable dominant" or the "overdominant" 
gene hypothesis. It should be noted here, however, that the simulation 
study referred to dealt with only 1^ 0 independently segregating loci, 
all with equal effects. This may be an oversimplification of situations 
to be found in a crop like maize. 
The observed result that increased variety cross mean yield did 
not lead to a decreased variety yield could mean that partial or com­
plete dominance is the rule at most loci concerned with yield. In fact, 
Hallauer (1970) has indicated that the degree of dominance in these 
varieties is in the complete dominance range. If such were the case, 
improvement in the varieties per se was expected due to RRS for grain 
yield. 
There was no improvement observed in the varieties, however. Also, 
the rate of progress in the variety cross was much less than expected on 
the basis of the available estimates of genetic variance. Reasons for 
such results could have been a rapid loss of genetic variability, geno­
type by environment interactions, linkage and epistatic effects, and 
inbreeding depression due to rapid fixation of undesirable alleles. 
As shown earlier (Table 12), there appeared to be substantial re­
duction in genetic variance in both BSSS and BSCBl varieties. Similar 
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results were observed by Hallauer (1970) in the same material after four 
cycles of RES. He also found that the reduction in in BSSS approached 
significance at the 10% probability level. But, since the average 
estimates of variance components were used to compute expected gain 
rather than the original estimates, changes in should not have 
caused a discrepancy between predicted and observed gain from selection. 
Furthermore, no quadratic trend was noted in observed progress from 
selection as would have been expected if the genetic variance had de­
creased appreciably. 
Testcrossas were evaluated in few environments, mostly in a single 
year. Generally, genotype by year interaction is often larger than 
the genotype by location interaction. Since all estimates of genotype 
by environment interaction were estimated from locations within a 
single year, the genetic variance might have been slightly over­
estimated and the genotype by environment interaction slightly under­
estimated. This would have tended to result in overpredicting expected 
response to selection, and may partially account for the observed 
results. 
In setting-up the theoretical rates and limits of improvement 
expected from RRS, the prediction equations were formulated on the 
assumption that epistasis and linkage did not exist (Comstock et al*, 
19^9). These assumptions may not be valid. However, in a selection 
program where the tester parent is to be used as the opposite parent 
for the commercial hybrid or variety cross, the existence of these 
two factors is not expected to result in observed progress which 
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deviates very much from the expected (Comstock et al,, 19^9 and Cress, 
1967). Therefore, these factors can not account for the reduced rate 
of progress both in the parents and the variety crosses. 
Due to the small population size used to generate a new cycle* a 
certain degree of inbreeding would be expected to occur. The magnitude 
of such an occurence was investigated by comparing the rate of im­
provement in the varieties themselves with the rate of improvement 
in the crosses of the various cycles of the varieties to their respec­
tive original parents. Failure of the regression coefficient of the 
parental varieties to equal that of their crosses indicates that gene 
frequency of favorable alleles decreased at some loci. The decrease 
could be due to random drift because of the small population size or 
because of overdominance if the tester population had a high gene 
frequency for the favorable dominant allele at these loci. 
There was a significant difference between the regression co­
efficients in both the BSSS and BSCBl groups. The expected rate of 
inbreeding without selection was estimated by using a standard formula 
(Falconer, I96O). Since the effective population size in each cycle 
of selection was 21 in both BSSS and BSCBl, a similar rate of in­
breeding will be expected in both varieties, Hallauer (Hallauer et al., 
1970) has estimated the relationship between inbreeding and grain yield, 
ear height and plant height in BSSS. The reduction in grain yield, 
ear height and plant height was 0.44 q/ha, 0.3 cm, and 0.5 cm, re­
spectively, per 1% increase in inbreeding, Genter (1971) made a similar 
estimate in BSSS by comparing the average yields of unselected S^'s 
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with that of the original BSSS parent. He found that the yield re­
duction vas about 0.53 q/ha per 1% increase in inbreeding, which is 
close to the above estimate. 
Using the previous estimate, the calculated inbreeding depression 
for grain yield for the various cycles of BSSS without selection is 
shown in column 2 of Table A9, Appendix. Hence, a yield reduction of 
9.5 q/ha would have been expected by the fifth cycle if no selection 
had been practiced. This reduction in grain yield) may have been 
slightly overestimated since the calculation for the rate of in­
breeding did not take into account the pedigreed selection practiced 
in order to minimize inbreeding during the last four cycles of RRS. 
Hence, the yield depression possible from inbreeding in BSSS(R)C5 
ia greater than the yield improvement obtained in BSSS(R)C5 X BSSS CO 
(i.e., 7.0 q/ha) and could account for much of the lack of improvement 
of BS8S(R)C$ per se. No inbreeding depression estimates are available 
in BSCBL. 
The combining ability of both varieties has been improved by RRS. 
The rate of improvement in combining ability observed in BSSS and 
BSCBl, as measured by crossing the various cycles to the respective 
original and advanced cycle tester parent or crossing to the original 
BSSS and BSCBl parent, respectively, was about l.U and 1.2 q/ha per 
cycle or T and 6 q/ha, respectively, from the five cycles of RRS. 
Hence, gene frequency of favorable dominant or over dominant alleles ap­
pears. to have been increased to obtain this, improvement. 
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The model used for the improvement of the BSSS(R) and BSCBI(R) 
variety cross can be vritten as: 
Yij = m + hgX + lyC 
where m is the mean of the original variety cross, tg and bp are the 
regression coefficients for BSSS(R) and BSCBl(R), respectively, and 
X is the cycle of selection. In this model, the improvement in the 
variety cross is the sum of the improvement in each variety as measur­
ed by either the CO or C5 of the reciprocal population and it forces 
the rate of improvement as measured by them to be identical. The 
lack of significance for deviations from the linear model for Group III 
(Table 10) and the comparison of Y and Y values (Table 11} indications 
ttot the linear model fits very veil. The observed mean difference 
between the three entries of BSSS(R)C5 x BSCBl(R)C5 and the three 
entries of BSSS(R)CO x BSCB1(R)C0 was 12.7 q/ha as compared to the 
estimate of 13.6 q/ha obtained from the model. 
Since the improvement in combining ability of the two populations 
with the reciprocal tester is additive in the BSSS(R)Cn x BSCBl(R)Cn 
variety cross, selection has apparently been for a different set of 
dominant or overdominant genes in the two populations. This conclu­
sion is supported by the observed increase in heterosis in the variety 
cross also. 
Heterosis is determined by degree of dominance and differences 
in gene frequencies between the two parent varieties summed over . 
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all loci. There is no reason to think that the degree of dominance 
has increased during selection. Therefore, change in gene frequency 
should account for the observed increase in heterosis. This could 
only mean that the frequency of a given dominant gene was changing at 
a different rate in the two populations. Either overdominance or 
complete dominance, coupled with inbreeding due to the small effective 
population size used, could cause this to occur. 
The improvement in general combining ability observed by crossing 
the various cycles of BSSS(R) and BSCBl(R) to BSBB was much less than 
the improvement in combining ability as measured by crossing to the 
respective reciprocal variety or to the original parental variety. 
The observed results in crosses with BSBB could mean that overdorainance 
was important at many loci and selection has decreased the gene 
frequencies at these loci in one population while increasing it in the 
other population. 
The alternative to this explanation is the assumption that BSBB, 
a high yielding bk-line synthetic variety, is endowed with most of 
the favorable dominant genes at a number of loci where gene frequen­
cies were increased in the RRS program in the two varieties. Under 
such conditions and assuming complete dominance, there should be no 
chance for observing improvement in the varieties by crossing the 
various cycles to BSBB. Although unlikely, such an assumption could 
emphasize the fact that superior populations should not be used as 
testers to improve or measure improvement in selection material. 
83 
The results obtained from seven cycles of RS for GCA in BSSS using 
Iowa 13 as a tester, i.e., £SSS(HT), differs from that obtained in 
five cycles of RRS only with respect to the variety improvement, 
BSSS(HT) per se vas improved at the rate of 1.4% of the original 
variety mean yield per cycle. This is expected since this selection 
scheme was designed mainly for the purpose of intrapopulation im­
provement, as opposed to variety cross improvement (Jenkins, 19^0). 
The rate of improvement observed per cycle of selection in 
BSSS(HT) X Iowa 13 was less than one-half of the estimate of expected 
gain on the basis of the genetic variance. Several of the factors 
discussed in the RRS program section could be mentioned here to 
account for the discrepancy of predicted and observed gain from selec­
tion in BSSS(HT)Cn x Iowa 13. Expected gain in the population per se 
cannot be predicted frcm half-sib selection unless the population 
itself is used as the tester. 
The rate of random fixation of undesirable alleles due to the 
restricted population size would be expected to be the same as for 
BSSS(R). The yield depression expected in BSSS(HT)C7 without selection 
was 12.7 q/ha, but, no inbreeding depression was observed (Table A9, 
Appendix) since there was no significant difference between the 
b-values of BSSS(HT)Cn per se and BSSS(HT)Cn x BSSS CO crosses 
(Table 11). Center (1971) found that inbreeding depression was 
higher in the original BSSS parent than in BSSS(HT)C7 by comparing 
the yields of their first generation selfs. 
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The method has also succeeded in improving the performance of the 
variety in crosses with BSCBl(R). The rate of improvement per cycle 
in the crosses of BSSS(HT)Cn x BSCBl(R)Cn vas 3.8% of the original 
cross. Since the improvement of BSCBI(R) vas similar when estimated 
from crossing with either BSSS(R)C0 or B8SS(R)C$, it can he assumed 
that the same rate of progress will be obtained from crossing with 
BSSS(HT)C7. Hence, the improvement in the variety cross 
BSSS(HT)Cn x BSCBl(R)Cn can be estimated as: 
Yjj = m + bg^ + bpX 
where m is the mean of the original variety cross, b^^ and bp are 
the linear regression coefficients of BSSS(HT) (1.08 ± 0.24) and 
BSCBI(R) (1.23 i 0,20), respectively, and X is the cycle of selection. 
Although there is no significant difference between either the 
regression coefficients of BSSS(HT) and B8SS(R) as measured frcm 
crosses to BSCBl(R) or the regression coefficient for the variety 
crosses BSSS(R)Cn x BSCBl(R)Cn and BSSS(HT)Cn x BSCBl(R)Cn 
(2.73 * 0.25 vs. 2,31 - 0,37» respectively), their relative magnitude 
is as expected since the crosses involving the reciprocal parents 
are expected to show greater improvement. Also, there is no signif­
icant difference in the rate of improvement in BSSS(HT) when measured 
from crosses with Iowa 13 or BSCBl(R) (1,6$ i 0,38 vs. 1,08 ± 0.2k, 
respectively), 
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If overdominance or overdominant type gene action were the rule 
at most loci concerned with yield in these populations, the variety 
crosses from SSSS(R)Cn x BSCBl(R)Cn would have "been expected to show 
superior performance compared to those from BSSS(HT)Cn x BSCBl(R)Cn, 
However, this is also expected when all loci show complete dominance. 
More cycles of selection followed "by evaluation trials with greater 
precision than that obtained in this study will be required to dis­
tinguish between the alternative types of gene action responsible 
for the responses to selection observed in the varieties and their 
crosses. 
The main objective of the selection has been to improve the grain 
yielding ability of the variety crosses and of the varieties per se 
in the RRS and RS for GCA programs, respectively. Except for stalk 
lodging in both programs, any significant shift in the means of the 
other characters must be attributed to either correlated response 
to selection for grain yield or to inbreeding depression, where 
applicable. 
There has been some attention given to stalk lodging. In some 
cases, one or two of the elite lines ranked between 5 and 10 for 
yield with poor stalk quality were replaced by lines with slightly 
lower grain yields that had superior lodging resistance. This selec­
tion and the very mild mass selection in the nursery generations may 
account for the substantial reduction in mean stalk lodging in the 
varieties and variety crosses. 
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RMaetlons in plant and/or ear height were observed only in the 
varieties with no appreciable change in the variety crosses in both 
selection programs. According to KiUauer (1971), no correlated 
response to selection for grain yield should be expected in these 
varieties. This suggests that inbreeding depression could be the 
factor responsible for the reduction in plant and/or ear height 
since there was no intentional selection for or against these charac­
ters during the selection cycles. 
Expected inbreeding depression was calculated for these characters 
in BSSS using the relationship between 1% inbreeding and reduction 
in plant and ear height (Hallauer et al., 1970). These values are 
shown in column 3 and U of Table A9, Appendix. Taking into consider­
ations the possible overestimation involved in calculating the degree 
of inbreeding for the various cycles, the observed reduction in ear 
and plant height for BSSS(E)C5 could be attributed to inbreeding de­
pression. Similar conclusion can be reached comparing the regres­
sion coefficients of the varieties per se with the regression co­
efficients of the crosses of the various cycles to the original 
parents. In contrast, BSSS(HT)C7 showed no change in plant or ear 
height even though the decrease Arom inbreeding should have been 
greater than in BSSS(R)C5. 
Changes ^  days to maturity, as indicated by grain moisture at 
harvest and days to silk, was significant only in the BSSS parent 
in the BBS program. Since the BSCBl parent is slightly earlier. 
87 
there may have "been unconscious selection for early types in the BSSS 
variety when making testcrosses in the breeding nursery. Similar 
results are observed in the variety crosses of BSSS(HT)Cn x BSCB1(R)C5. 
In both cases the shift to earliness vas slight. 
Both the varieties and their hybrids in the RRS program shoved 
consistent improvement in ears per 100 plants. Hovever, there vas 
no consistent association betveen grain yield and prolificacy. Moll 
and Stuber (1971) have reported that increase in prolificacy led to 
an associated increase in mean grain yield in their selection 
materials. 
Tassel branch number decreased significantly in BSCBI(B), BSSS(HT), 
and BSSS(R)Cn X BSCBl(R)Cn. The results observed in BSSS(R), BSCBI(R), 
and BSSS(HT) X BSCBI(R), hovever, are inconsistent. Therefore, no 
definite conclusion with respect to this character and its relation­
ship to grain yield can be dravn from this experiment. 
Both RRS and RS for GCA are aimed at concentrating favorable 
dominant genes gradually without the necessity of causing random 
fixation of undesirable alleles, though the commercial product in 
each case is different. RRS for variety cross improvement has been 
compared to full-sib selection (Moll and Stuber, 1971), intra-
population selection (Ccmpton et al., 196k) and within population 
selection (Cress, 1966). In most of the reported cases, RRS has been 
inferior to the above selection schemes with respect to parental 
variety improvement. But, it has been superior, in most cases, with 
88 
respect to variety cross improvement. The results from this ex­
periment agree closely with the previously reported results in both 
aspects. 
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SUMMARY AND CONCLUSIQITS 
Estimates of progress obtained frcm five cycles of BBS in BSSS and 
BSCBl and from seven cycles of RS for GCA in BSSS were presented. 
Although, selection was mainly for grain yield, data for nine other char­
acters were collected in all original emd derived populations. 
RRS and RS for GCA were designed for different objectives: variety 
cross improvement in the case of the former and variety per se improve­
ment in the case of the latter. Results showed that significant improve­
ment for grain yield was observed only in the variety crosses in the RRS 
program. No appreciable change was observed in the two parental varieties 
through five cycles of selection. RS for GCA produced significant change 
in grain yield both in the BSSS variety and the variety crosses of 
BSSS(HT)Cn: X Iowa 13 and BSSS(HT)Cn x BSCBl(R)Cn. The changes in grain 
yield in the variety crosses in both programs involving the BSCBl vari­
ety were not significantly different. However, the observed progress 
from selection was much less than the expected. 
There were significant reductions in ear and plant height in some 
of the parental varieties and variety crosses. Such change was attri­
buted to the effect of random fixation of undesirable alleles. 
There vas a slight change towards earliness in BSSS(R). This change 
is attributed to • unconscious selection in the nursery generations, 
because BSCBl CO was slightly earlier than BSSS CO, 
There were some significant shifts in mean ears per 100 plants and 
tassel branch number; however, such changes were not consistently 
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associated with changes in mean grain yield. 
Both selection schemes have resulted in significant improvement 
in the stalk quality of the varieties as well as in the variety crosses 
in the RRS progrsm. This improvement in agronomic quality is a de­
sired step. Thus, the improvement in grain yield vas obtained 
without the undesirable shift towards later flowering, high moisture 
at harvest, high ear placement or plant height. 
No conclusion with respect to the type of gene action most im­
portant in the expression of grain yield in these varieties can be 
drawn since the results from this experiment are consistent with 
either complete dominance or overdcminance. The improvement in combin­
ing ability, as measured by crossing each variety to its respective 
original or advanced cycle tester parent, was additive in the vari­
ety crosses. But this rate of improvement was not detected either 
in the variety per se or by crossing the various cycles to a broad-
based tester, BS6B. 
Since hybrids are the commercial product in maize, the main ob­
jective of breeding programs should be to improve variety crosses. 
The results from this experiment indicate that BBS has significantly 
improved the variety cross. Although the estimated rate of improve­
ment in the variety cross is about one-half of the expected, the mean 
yield of the C$ x C5 variety cross is comparable to that of the best 
single cross check. The total improvement observed in the variety 
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cross is 23#. With a winter nursery, the time required to obtain 
this gain can be reduced from l8 to 10 years giving an average gain 
of about 2.3% per year. Since the observed rate of progress did not 
deviate from a linear model, a similar rate of progress can be 
expected in subsequent cycles of RRS in these synthetic varieties. 
92 
ACKNOWLEDGEMENTS 
I woulcl like to express my gratitude to Dr. S, A. Eberhart for 
his effort and patience in guiding my graduate study as veil as for 
his constructive suggestions in the preparation of this manuscript. 
Also, the contributions of Drs. Russell and Hallauer as well as 
all the Graduate Assistants and Technicians of the Corn Breeding 
section of the Agronomy Department are gratefully acknovledged. 
Special thanks goes to my vife for her typing skill in preparing 
this manuscript. 
93 
LITRATURE CITED 
Allard, R. W, i960. Principles of Plant Breeding. John Wiley & 
Sons, Inc., New York. 
Brown, A. H. D. and R. W. Allard. 1971. Effect of reciprocal 
recurrent selection for yield on isozyme polymorphisms in 
maize (Z. mays L.). Crop Sci. 11; 888-893. 
Compton, W. A., J. H. Lonnquist and C. 0. Gardner, I96U. Predicted 
response to recurrent selection with intra- and inter-varietal 
testers in corn (Zea mays L.). Crop Sci. U; l46-lL8. 
Comstock, R. E., H. F. Robinson and P. H. Harvey. 19^ 9. A Tareeding 
procedure designed to make maximum use of both general and 
specific combining ability. Jour. Amer, Soc. Agron. Ul; 36O-367. 
Comstock, R. E, and H. F, Robinson, 1956. Findings relative to re­
ciprocal recurrent selection. Proceedings of the International 
Genet, Symposia: U61-U6U, 
Cress, C, E, I966, A comparison of recurrent selection systems. 
Genet. 5^ ; 1371-1379. 
Cress, C. E. 1967. Reiprocal recurrent selection and modifications 
in simulated populations. Crop Sci, 7: 561-567. 
Douglas, A, G,, J. W. Collier, M, F, El-Ebrashy and J, S. Rogers, 1961, 
An evaluation of three cycles of reciprocal recurrent selection 
in a corn improvement program. Crop Sci, 1; 157-l6l, 
Eberhart, S, A. 1964. Least squares method for comparing progress 
among recurrent selection methods. Crop Sci, 4: 230-231, 
Falconer, D, S, 1960, Introduction to Quantitative Genetics. The 
Ronald Press Co., New York, 
Gardner, C, 0., P. H. Harvey, R, E, Comstock and H. F, Robinson. 1953, 
Dominance of genes controlling quantitative characters in maize, 
Agron, Jour. 4$: I86-191. 
Genter, C. P. 1971. Yields of S^  lines from original and advanced 
synthetic varieties of maize. Crop Sci. 11: 821-82U. 
9U 
Hallauer, Arnel R. 1970. Genetic variability for yield after four 
cycles of reciprocal recurrent selection in maize. Crop Sci. 
10: W2-U85. 
Sallauer, Arnel R. 1971. Changes in genetic variance for seven plant 
and ear traits after four cycles of reciprocal recurrent selection 
in maize. lova State Jour. Sci. 4$ (4); 575-593. 
Hallauer, A. R., S. A. Eberhart and W. A, Russell. 1970. Mimeographed 
paper. U. S. Dept. Agric. Agric. Res. Service, Plant Science 
Research Division, Cereal Crops Research Branch, lova Agric. and 
Home Economics Sept. Station, Ames, Iowa. 
Horner, E. S., H. W. lundy, M. C. lutrick and R. W. Wallace. I963. 
Relative effectiveness of recurrent selection for specific 
and for,general combining ability in corn. Crop Sci. 3: 63-66. 
Hull, Fred H. 19^5. Recurrent selection for specific combining ability 
in corn. Jour. Amer. Soc. Agron. 37: 13Û-1U5. 
Jenkins, Merle T. 19^0. The segregations of genes affecting yield 
of grain in maize. Jour. Amer. Soc. Agron. 32: 55-63. 
Jenkins, M. T., Alice L. Robert and William R. Findley, Jr. 195%. 
Recurrent selection as a method for concentrating genes for 
resistance to Helminthospwium turcicum leaf blight in corn. 
Agron. Jour. Ub: 89-94. ———. 
Lonnquist, J. H. and D. P. McGiU. 1956. Performance of corn 
synthetics in advanced generations of synthetics and after 
tvo cycles of recurrent selection. Agron. Jour. US: 2U9-253. 
Moll, R. E. and H. F. Robinson. I966. Observed and expected response 
in four selection experiments in maize. Crop Sci. 6: 319-322. 
Moll, R. H. and C. W. Stuber. 1971. Comparisons of response to 
alternative selection procedures Initiated with two populations 
of maize (Zea mays L.). Crop Sci. 11: 706-711. 
Penny, L. H., Gene E. Scott and W. D. Guthrie. 1967. Recurrent 
selection for European corn borer resistance in maize. Crop Sci. 
7: 407-409. 
Penny, L. H. and S. A. Eberhart. 1971. Twenty years of reciprocal 
recurrent selection with two synthetic varieties of maize 
(Z. mays Ii.). Crop Sci. 11: 900-903. 
95 
Penny, L. H., W. A. Russell, G. F. Sprague and A. R. Hallauer. 1963. 
Recurrent selection, pp. 352-367. In W. D. Hanson and 
H. F. Robinson (éd.) &tatistical__Genetics_jm^ a^nt_^ eed^  
Nat. Acad. Sci., Hat. Research Council Pub. 932. Washington, D. C. 
Schnell., F. W. I961. On some aspects of reciprocal recurrent selection. 
Euphytica 10: 2U-30. 
Sprague, G. F. 1952. Early testing and recurrent selection, pp. 
U00-l|17«  ^J. W. Gowen (ed.) Eetgo8is_g_ Iowa State University 
Aress, Ames, lova. 
Sprague, G. F. I967. Quantitative genetics in plant improvement, 
pp. 315-35^ . In Kenneth J. Frey (ed.) Plant Breeding. Iowa 
State Press, Ames, Iowa. 
Sprague, G. F« and B. Brimhall. 1950. Relative effectiveness of 
selection for oil content of the corn kernel. Agron. Jour. 42; 
329-331. 
Sprague, G. F., Phillip A. Miller and B. Brimhall.. 1952. Additional 
studies of the relative effectiveness of two systems of selection 
for oil content of the corn kernel. Agron. Jour. ItU: 329-331. 
Sprague, G. F., W. A. Russell and L. H. Penny. 1959. Recurrent 
selection for specific combining ability and type of gene action 
involved in yield heterosis in corn. Agron. Jour. Ul: 392-39^ . 
Thomas, W. I* and D. B. Grissom. I961. Cycle evaluation of reciprocal 
recurrent selection for popping volume, grain yield and 
resistance to root lodging in popcorn. Crop Sci. 1: 197-200. 
96 
APPENDIX 
Table Al. The environmental, grand and estimated (Y) mean grain yield (q/ha.) of all entries in 
the RRS and RS for GCA 
Environments 
PEDIGREE '' 70025  70026  70027  71025  71026  7102  7  71028  MEAN Y  
BSSS CO 59 .5  48 .0  65 .9  51 .5  46 .8  54 .8  47 .8  53 .5  52 .6  
BSSSCR)  C I  47 .9  45 .4  66 .1  53 .4  51 .  1  59 .  0  44 .6  52 .5  52 .8  
BSSSCR)  C2  64 .2  53 .5  66 .  8  63 .7  48 .9  40 .  1  44 .0  54 .5  53 .1  
BSSS(R)  C3  52 .9  48 .7  61 .3  54 .7  57 .0  46 .4  47 .8  52 .7  53 .3  
BSSS(R)  C4  52 .4  54 .3  58 .3  61 .1  47 .  7  44 .  0  48 .9  52 .4  53 .6  
BSSSIR)  C5  54 .6  54 .2  63 .2  56 .2  53 .0  62 .  1  39 .2  54 .6  53 .8  
BSSS CO X  BSSS CO 51 .9  51 .5  69 .4  61 .9  57 .6  58 .  2  43 .1  56 .2  52 .6  
BSSS CO X  BSSS(R)  C I  63 .5  53 .4  70 .1  56 .2  44 .8  58 .5  45 .9  56 .1  54 .0  
BSSS CO X  BSSS(R)  C2  55 .  I  51 .1  60 .2  56 .  1  50 .1  58 .  2  53 .1  54 .9  55 .4  
BSSS CO X  BSSSIR)  C3  53 .9  44 .9  65 .1  61 .8  54 .  8  52 .  5  42 .7  53 .7  56 .9  
BSSS CO X  BSSS(R)  C4  53 .0  54 .7  68 .  8  65 .3  58 .2  51 .  5  50 .7  57 .5  58 .3  
BSSS CO X  BSSS(R)  C5  63 .6  65 .9  69 .5  63 .0  54 .0  65 .  0  52 .9  62 .0  59 .7  
BSCBl  CO X  BSSS CO 65 .3  57 .2  67 .4  68 .3  63 .2  65 .  0  47 .9  62 .  1  59 .8  
BSCBl  CO X  BSSS(B)  C I  66 .4  60 .8  65 .2  66 .6  62 .2  52 .7  55 .6  61 .4  61 .3  
BSCBl  CO X  BSSS(R)  C2  64 .5  59 .1  68 .5  61 .6  65 .5  47 .  2  57 .6  60 .6  62 .8  
BSCBl  CO X  BSSS(R)  C3  58 .1  67 .3  66  .  8  72 .0  61 .9  57 .  1  57 .8  63 .0  64 .3  
BSCBl  CO X  BSSSIR)  C4  59 .4  59 .5  64 .6  75 .7  71 .4  52 .5  60 .3  63 .3  65 .8  
BSCBl  CO X  BSSS(R)  C5  58 .7  63 .1  77 .2  68 .4  67 .2  66 .  0  64 .7  66 .5  67 .3  
BSCBKR)  C5  X  BSSS CO 61 .2  66 .7  68 .3  78 .2  65 .5  68 .7  64 .0  67 .4  65 .9  
BSCBl (R )  C5  X  BSSSIR)  C I  71 .8  63 .8  73 .6  76 .6  60 .5  62 .  8  57 .4  68  . 0  67 .4  
BSCBKR)  C5  X  BSSS(R)  C2  63 .4  68 .5  65 .3  82 .3  61 .5  61 .  8  63 .5  66 .6  68 .9  
BSCBKR)  C5  X  BSSS(R)  C3  63 .0  68 .3  73 .3  72 .6  72 .8  71 .7  65 .8  69 .6  70 .4  
BSCBKR)  C5  X  BSSS(R)  C4  57 .4  71 .4  75 .8  81 .8  73 .4  69 .  3  67 .9  71 .0  71  . 9  
BSCBKR)  C5  X  BSSSIR)  C5  66 .2  73 .9  79 .8  86 .3  76 .3  75 .  0  70 .5  75 .4  73 .4  
BSSS CO X  BSCBl  CO 59 .0  60 .0  71 .  3  67 .9  64 .5  57 .9  55 .3  62 .3  59 .8  
BSSSIR)  C I  X  BSCBKR)  C I  64 .8  65 .6  75 .3  64 .6  68 .0  56 .  9  66 .3  65 .9  62 .5  
BSSSIR)  C2  X  BSCBKR)  C2  63 .3  60 .9  70 .4  78 .  1  65 .6  54 .  5  65 .7  65 .5  65 .2  
BSSSIR)  C3  X  BSCBKR)  C3  60 .9  63 .6  74 .8  57 .4  73 .9  65 .  6  63 .8  68 .3  68 .0  
Table Al. (continued) 
PEDIGREE 70025  70026  
BSSS(R)  C5  X  BSCBKR)  C2  64 .4  67 .  1  
BSSS(R)  C5  X  BSCBKR)  C3  69 .1  72 .  5  
BSSS(R)  C5  X  BSCBKR)  C4  70 .7  66 .  0  
BSSS(R)  C5  X  BSCBKR)  C5  67 .3  73 .  5  
BSBB X  BSCBl  CO 61 .7  65 .  9  
BSBB X  BSCBKR)  C l  56 .2  50 .  3  
BSBB X  BSCBKR)  C2  60 .0  61 .  3  
BSBB X  BSCBKR)  C3  59 .  1  61 .  9  
BSBB X  BSCBKR)  C4  58 .8  63 .  4  
BSBB X  BSCBKR)  C5  53 .6  59 .  4  
BSSS(HT)  C2  58 .2  48 .  1  
BSSS(HT)  C3  53 .5  53 .  7  
BSSS(HT)  C4  46 .  8  52 .  3  
BSSS(HT)  C5  60 .8  53 .  0  
BSSS(HT)  C6  63 .6  60 .  2  
BSSSIHT)  C7  63 .4  56 .  6  
BSSS CO X  BSSS(HT)  C2  55 .8  54 .  1  
BSSS CO X  BSSS(HT)  C3  48 .3  46 .  2  
BSSS CO X  BSSSCHT)  C4  57 .9  55 .  i  
BSSS CO X  BSSS(HT)  C5  64 .  5  53 .  9  
BSSS CO X  BSSSIHT)  C6  64 .9  61 .  0  
BSSS CO X  BSSS(HT)  C7  64 .5  60 .  3  
BSSS(HT)  C2  X  BSCBKR)  C  61 .7  59 .  1  
BSSS(HT)  C3  X  BSCBKR)  C  71 .1  64 .  0  
BSSSIHT)  C4  X  BSCBKR)  C  68 .5  57 .  6  
BSSS(HT)  C5  X  BSCBKR)  C  68 .5  65 .  8  
BSSSIHT)  C6  X  BSCBKR)  c 72 .2  77 .  5  
BSSS(HT)  C7  X  BSCBKR)  c 77 .2  77 .  0  
Environments 
70027  
79 .8  
76 .6  
86 .2  
8 1 . 8  
67 .4  
60 .9  
66 .4  
68 .  7  
68 .  8  
67 .2  
67 .5  
62.2 
63 .0  
58 .9  
61 .  5  
65 .3  
62 .4  
58 .3  
65 .3  
68 .  3  
62 .3  
63 .5  
67 .2  
73 .4  
70 .  1  
8 2 . 1  
70 .9  
8 1 . 8  
7102  5  
84 .4  
82 .4  
75 .4  
79 .4  
65 .4  
73 .  3  
67 .7  
62.2  
69 .7  
70 .6  
62.0 
64 .4  
44 .6  
57 .0  
66 .  5  
55 .4  
52 .6  
59 .3  
55 .0  
63 .  5  
6 8 .  1  
74 .5  
72 .9  
69 .3  
73 .9  
77 .1  
84 .8  
77 .8  
71026  
72 .  1  
69 .6  
68.8 
73 .1  
58 .9  
60 .9  
56 .3  
58 .5  
56 .3  
56 .3  
49 .9  
54 .  8  
51 .0  
47 .  6  
51 .1  
57 .  1  
43 .1  
52 .  2  
49 .4  
42 .0  
47 .5  
6 1 . 1  
6 1 . 2  
69 .1  
63 .0  
69 .0  
84 .0  
73 .  8  
71027  
76 .  5  
68 .7  
66. 8 
76 .  9  
56 .  7  
53 .  3  
52 .0  
66.0 
57 .  6  
55 .9  
54 .  1  
47 .  3  
53 .  1  
55 .  3  
50 .  3  
67 .  1  
64 .9  
43 .  0  
56 .  8  
56 .  1  
68. 2 
52 .  2  
57 .  8  
56 .3  
63 .4  
70 .  3  
70 .9  
72 .  7  
71028  
66.8  
64 .4  
64 .5  
61 .4  
46 .0  
59 .2  
63 .2  
56 .7  
62 .5  
65 .6  
41 .5  
54 .1  
50 .8  
51 .8  
54 .4  
55 .5  
44 .4  
52 .3  
45 .7  
44 .2  
45 .7  
52 .8  
63 .2  
58 .2  
58 .3  
62.1 
61 .4  
76 .3  
M E A N  
73 .0  
71 .9  
71  . 2  
73 .3  
63 .3  
59 .2  
6 1 . 0  
61  . 9  
62 .4  
6 1 . 2  
54 .5  
55 .7  
51  . 7  
54 .9  
58 .2  
59 .6  
53 .9  
51  . 4  
55  . 0  
56  . 1  
59 .7  
61 .3  
63 .  3  
65 .9  
65 .0  
70 .8  
74 .5  
76 .6  
A 
Y 
69 .7  
70 .9  
72 .2  
73 .4  
59 .9  
60 .4  
60 .8  
6 1 . 2  
61 .6  
6 2 . 1  
54 .1  
54 .8  
55 .6  
56 .3  
57 .1  
57 .8  
54 .5  
55 .4  
56 .3  
57 .3  
58 .2  
59 .1  
63 .4  
66.0  
6 8 . 6  
71 .2  
73 .8  
74 .8  
Table Al. (continued) 
Environments 
A 
PEDIGREE 70025  70026  70027  7102  5  71026  71027  71028  ME AN Y  
BSSS(R)  C4  X  BSCBKR)  C4  70 .1  71 .3  84 .8  77 .0  71 .0  77 .  8  64 .3  73 .8  70 .7  
BSSS(R)  C5  X  BSCBKR)  C5  68 .2  65 .3  80 .4  87 .  3  77 .  0  65 .  3  64 .9  72 .6  73 .4  
BSBB X  BSSS CO 55 .8  62 .2  53 .3  74 .  1  57 .2  73 .  0  58 .3  62 .1  62 .3  
BSBB X  BSSS(R)  C l  60 .6  65 .2  65 .8  62 .9  64 .0  58 .  6  68 .3  63 .6  62 .9  
BSEB X  BSSS(R)  C2  60 .0  60 .2  72 .6  68 .4  69 .  8  62 .  0  54 .9  64 .0  63 .5  
BSBB X  BSSS(R)  C3  59 .9  64 .8  67 .4  76 .6  59 .0  52 .  0  56 .1  62 .5  64 .1  
BSBB X  BSSS(R)  C4  59 .  1  65 .8  74 .0  71 .7  63 .5  59 .  6  60 .7  64 .9  64 .6  
BSBB X  BSSS(R)  C5  60 .7  65 .4  68 .6  78 .  3  58 .  7  66 .  8  62 .1  65 .8  65 .2  
BSCBl  CO 36 .9  50 .9  60 .1  62 .  1  57 .  1  39 .  5  52 .3  51 .3  51 .3  
BSCBKR)  C l  48 .0  47 .3  53 .4  56 .  8  49 .  4  48 .  0  50 .7  53  . 5  51  . 8  
BSCBKR)  C2  50 .1  57 .8  49 .9  46 .  7  51 .3  48 .  7  53 .1  51 .1  52 .3  
BSCBKR)  C3  47 .5  53 .6  60 .8  64 .7  51 .1  45 .  7  54 .1  53 .9  52 .7  
BSCBKR)  C4  40 .7  53 .0  55 .1  65 .  5  52 .7  45 .  7  51 .1  52 .0  53 .2  
BSCBKR)  C5  52 .2  49 .9  51 .4  65 .3  51 .0  59 .  1  53 .7  54 .7  53 .7  
BSCBl  CO X  BSCBl  CO 43 .7  5  8 .6  63 .2  58 .5  55 .1  42 .  1  48 .4  52  . 8  51 .3  
BSCBl  CO X  BSCBKR)  C l  51 .8  48 .6  59 .0  51 .0  48 .  1  39 .  3  59 .9  51  . 1  52 .7  
BSCBl  CO X  BSCBl (R )  C2  47 .9  55 .4  59 .6  70 .0  53 .9  50 .  4  52 .5  55 .7  54 .1  
BSCBl  CO X  BSCBKR)  C3  53 .8  51 .6  66 .  2  64 .  5  54 .6  51 .  6  52 .0  56 .3  55 .5  
BSCBl  CO X  BSCBKR)  C4  56 .8  61 .2  64 .1  63 .9  54 .5  51 .  2  51 .0  57 .  5  56 .9  
BSCBl  CO X  BSCBKR)  C5  56 .2  56 .7  64 .2  67 .3  53 .8  45 .  8  55 .9  57 .  1  58 .3  
BSSS CO X  BSCBl  CO 50 .4  65 .1  56 .8  66 .5  58 .2  52 .  0  62 .6  58 .8  59 .8  
BSSS CO X  BSCBKR)  C l  58 .4  61 .4  70 .6  55 .9  54 .4  59 .  7  54 .5  59 .  3  61  . 0  
BSSS CO X  BSCBKR)  C2  57 .7  64 .8  68 .  5  68 .  4  68 .0  57 .  1  61 .8  63 .3  62 .2  
BSSS CO X  BSCBKR)  C3  74 .9  61 .6  69 .6  72 .3  52 .9  65 .  0  65 .0  65 .9  63 .5  
BSSS CO X  BSCBKR)  C4  61 .6  61 .0  69 .0  72 .9  61 .3  47 .  8  57 .6  61  . 6  64 .7  
BSSS CO X  BSCBKR)  C5  60 .8  68 .2  77 .0  66 .  8  57 .7  58 .  4  55 .7  63 .5  65 .9  
BSSS(R)  C5  X  BSCBl  CO 67 .7  67 .0  71 .4  75 .6  67 .6  62 .  8  61 .3  67 .6  67 .3  
BSSS(R)  C5  X  BSCBKR)  C l  63 .5  62 .4  76 .  4  73 .6  63 .7  64 .  1  63 .1  66 .7  68 .5  
Table Al. (continued) 
Environments 
PEDIGREE 70025  70026  70027  7102  5  71026  7102  7  71028  MEAN Y  
IOWA 13  X  BSSS CO 64 .7  60 .2  68 .0  68 .  8  62 .6  58 .9  58 .6  63 .  1  63 .  1  
IOWA 13  X  BSSS(HT)  C2  68 .9  62 .8  73 .  8  76 .  1  71 .  1  55 .6  63 .8  67 .4  66 .4  
IOWA 13  X  BSSS(HT)  C3  60 .5  68 .2  69 .7  76 .  1  68 .2  55 .  1  76 .3  67 .7  68 .1  
IOWA 13  X  BSSS(HT)  C4  65 .0  72 .4  74 .0  86 .3  68 .9  47 .6  64 .8  68 .4  69 .7  
IOWA 13  X  BSSS(HT)  C5  68 .6  64 .5  87 .4  81 .9  77 .0  49 .  3  72 .5  71  . 6  71 .4  
IOWA 13  X  BSSS(HT)  C6  65 .4  72 .1  82 .7  84 .  2  78 .9  62 .  6  67 .6  73 .4  73 .0  
IOWA 13  X  BSSS(HT)  C7  63 .2  81 .8  85 .3  91 .  5  72 .4  60 .9  68  . 6  74 .8  74 .7  
MEAN 59 .9  60 .6  68 .4  68 .4  60 .3  57 .9  57 .2  51 .8  61 .8  
Table A2, The environmental, grand and estimated (Y) mean stalk lodging (%) of all entries in the 
RRS and RS for GCA 
Environments 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MF AN Y  
BSSS CO 13 .4  16 .5  11 .2  12 .6  13 .4  11 .  7  0 .0  12 .6  16 .1  
BSSS(R)  C I  10 .7  19 .4  5 .2  7 .9  15 .7  25 .  2  0 .0  14 .0  15 .2  
BSSS(R)  C2  17 .4  23 .9  10 .5  10 .2  7 .9  17 .  0  0 .0  14 .5  14 .3  
BSSS(R)  C3  13 .1  12 .9  9 .3  12 .5  22 .  5  36 .  5  0 .0  17 .8  13 .4  
BSSS(R)  C4  6 .  8  16 .9  7 .6  4 .5  18 .0  18 .  8  0 .0  12 .1  12 .6  
BSSS(R)  C5  8 .7  4 .9  7 .9  15 .2  8 .2  12 .  9  0 .0  9 .6  11 .7  
BSSS CO X  BSSS CO 19 .3  16 .7  6 .9  14 .9  14 .0  22 .  9  0 .0  15 .8  16 .  1  
BSSS CO X  BSSS(R)  C I  8 .0  7 .3  12 .9  1  8 .  5  17 .9  17 .  5  0 .0  13 .7  14 .9  
BSSS CO X  BSSS(R)  C2  9 .3  20 .2  9 .0  6 .9  11  . 0  11 .  8  0 .0  11 .4  13 .7  
BSSS CO X  BSSS(R I  C3  8 .4  19 .4  2 .7  7 .4  30 .7  18 .  8  0 .0  14 .5  12 .5  
BSSS CO X  BSSS(R)  C4  18 .9  19 .5  4 .  1  2 .6  13 .4  18 .  5  0 .0  12 .8  11  . 3  
BSSS CO X  BSSS(R)  C5  1 .7  9 .6  2 .9  13 .4  13 .1  12 .  1  0 .0  8 .8  10 .1  
BSCBl  CO X  BSSS CO 9 .4  26 .1  12 .0  13 .4  28 .9  28 .  5  0 .0  19 .7  19 .0  
BSCBl  CO X  BSSS(R)  C I  6 .2  23 .5  12 .9  9 .  7  37 .  1  24 .  3  0 .0  18 .9  18 .8  
BSCBl  CO X  BSSS(R)  C2  22 .5  21 .7  10 .0  14 .3  27 .7  31 .  1  0 .0  21 .2  18 .7  
BSCBl  CO X  BSSS(R)  C3  20 .4  12 .2  6 .7  16 .  2  16 .9  31 .  7  0 .0  17 .3  18 .6  
BSCBl  CO X  eSSSlR)  C4  15 .3  21 .1  7 .5  9 .  1  28 .4  23 .  8  0 .0  17 .5  18 .4  
BSCBl  CO X  BSSS(R)  C5  14 .6  29 .9  7 .0  10 .9  22 .1  29 .  5  0 .0  19  . 0  18 .3  
BSCBl (R )  C5  X  BSSS CO 10 .  1  15 .6  11 .5  11 .4  10 .  9  25 .  1  0 .0  14 .1  15 .9  
BSCBKR)  C5  X  BSSS(R)  C I  13 .5  19 .4  13 .9  9 .3  28 .0  30 .  9  0 .0  19 .2  15 .  8  
BSCBl (R )  C5  X  BSSS(R)  C2  14 .2  19 .0  14 .2  11 .7  27 .0  27 .  1  0 .0  18 .9  15 .6  
BSCBKR)  C5  X  BSSS(RJ  C3  13 .5  11 .4  6 .4  16 .8  22 .7  18 .  2  0 .0  14 .8  15 .5  
BSCBKR)  C5  X  BSSS(R)  C4  18 .5  20 .8  10 .2  9 .2  19 .7  23 .  0  0 .0  16 .9  15 .4  
BSCBKR)  C5  X  8SSS(R)  C5  14 .2  18 .6  10 .8  15 .6  16 .  2  27 .  I  0 .0  17 .1  15 .2  
BSSS CO X  BSCBl  CO 20 .3  23 .2  12 .6  19 .5  25 .8  23 .  9  0 .0  20 .9  19 .0  
BSSS(R)  C I  X  BSCBKR)  C I  10 .  5  30 .  1  8 .4  7 .  5  23 .9  28 .  6  0 .0  18 .2  18 .2  
BSSSIR)  C2  X  BSCBKR)  C2  7 .4  20 .6  15 .5  20 .7  26 .  1  26 .  6  0 .0  19 .5  17 .5  
BSSS(R)  C3  X  BSCBKR)  C3  20 .  1  13 .  1  8 .3  12 .7  10 .3  25 .  8  0 .0  15  . 0  16 .7  
Table A2, (continued) 
PEDIGREE 70025  70026  
BSSS(R)  C4  X  BSCBI IR )  C4  8 .5  5 .  7  
BSSS(R)  C5  X  BSCBKR)  C5  5 .4  16 .  9  
BSBB X  BSSS CO 16 .  1  11 .  3  
BSBB X  BSSS(R)  C l  I l  . 4  11 .  5  
BSBB X  BSSS(R)  C2  6 .9  21 .  3  
BSBB X  BSSSIR)  C3  5 .9  13 .  6  
BSBB X  BSSS(R)  C4  6 .4  14 .  3  
BSBB X  BSSS(R)  C5  6 .2  16 .  2  
ESCBl  CO 19 .3  36 .  5  
BSCBKR)  C l  25 .3  32 .  0  
eSCBl (R )  C2  10 .9  23 .  2  
BSCBKR)  C3  15 .2  25 .  7  
BSCBKR)  C4  20 .5  23 .  4  
BSCBKR)  C5  24 .6  23 .  2  
BSCBl  CO X  BSCBl  CO 29 .0  26 .  2  
BSCBl  CO X  BSCBKR)  C l  26 .  5  28 .  6  
BSCBl  CO X  BSCBKR)  C2  26 .8  32 .  5  
BSCBl  CO X  BSCBKR)  C3  18 .2  23 .  9  
BSCBl  CO X  BSCBKR)  C4  10 .7  23 .  3  
BSCBl  CO X  BSCBKR)  C5  13 .5  40 .  8  
BSSS CO X  BSCBl  CO 20 .9  14 .  9  
BSSS CO X  BSCBl (R )  C l  12 .7  25 .  7  
BSSS CO X  BSCBKR)  C2  8 .3  21 .  5  
BSSS CO X  BSCBKR)  C3  17 .5  20 .  6  
BSSS CO X  BSCBKR)  C4  15 .4  20 .  6  
BSSS CO X  BSCBKR)  C5  15 .8  27 .  4  
BSSS(R)  C5  X  BSCBl  CO 19 .5  33 .  5  
BSSSIR)  C5  X  BSCBKR)  C l  16 .2  11 .  3  
Environments 
A 
70027  71025  71026  71027  71028  MEAN Y  
11 .5  5 .3  22 .  8  15 .  8  0 .0  11  . 6  16 .0  
6 .1  7 .4  19 .4  41 .  0  0 .0  16 .0  15 .2  
8 .5  6 .9  20 .9  16 .3  0 .0  13 .3  13 .8  
5 .0  7 .0  14 .8  24 .  8  0 .0  12 .4  13 .9  
5 .3  14 .0  21 .2  23 .9  0 .0  15 .4  14 .0  
14 .2  9 .7  20 .0  29 .4  0 .0  15 .5  14 .  1  
9 .5  16 .7  27 .  1  16 .  9  0 .0  15 .1  14 .2  
7 .3  13 .1  16 .6  15 .2  0 .0  12 .4  14 .3  
28 .  8  18 .2  27 .9  48 .  4  0 .0  29 .9  28 .9  
19 .4  21 .5  23 .4  30 .  1  0 .0  25 .3  26 .9  
15 .4  17 .8  18 .3  39 .7  0 .0  20 .9  24 .9  
18 .6  14 .0  24 .  1  37 .  0  0 .0  22 .4  22 .9  
14 .5  13 .7  22 .6  29 .  5  0 .0  20 .7  20 .9  
18 .6  7 .8  22 .2  32 .  1  0 .0  21  . 4  19 .0  
26 .1  26 .0  50 .0  36 .  4  0 .0  32 .3  28 .9  
18 .1  16 .1  29 .0  44 .  2  0 .0  27 .1  27 .4  
25 .6  21 .5  27 .  2  42 .  7  0 .0  29 .4  25 .8  
17 .3  13 .5  18 .  1  20 .  7  0 .0  18 .6  24 .3  
19 .6  16 .  7  27 .4  34 .  2  0 .0  22  . 0  22 .8  
18 .8  7 .  1  17 .5  46 .  3  0 .0  24 .0  21 .3  
13 .4  21 .0  21 .3  35 .5  0 .0  21 .2  19 .0  
16 .2  18 .9  15 .8  24 .  5  0 .0  19 .0  18 .4  
6 .9  11 .8  9 .1  18 .  8  0 .0  12 .7  17 .  8  
7 .  1  3 .0  15 .3  23 .  1  0 .0  14 .4  17 .2  
14 .3  4 .2  14 .7  23 .  7  0 .0  15 .5  16 .5  
3 .7  4 .6  20 .2  33 .  8  0 .0  17 .6  15 .9  
16 .8  13 .  1  21 .3  31 .  7  0 .0  22 .6  18 .3  
6 .6  16 .2  13 .4  18 .  3  0 .0  13 .7  17 .7  
Table A2, (continued) 
PEDIGREE 
BSSS(R)  C5  X  BSCBKR)  C2  
BSSS(R)  C5  X  BSCBKR)  C3  
BSSS(R)  C5  X  BSCBKR)  C4  
BSSS(R)  C5  X  BSCBKR)  05  
BS8B X  BSCBl  CO 
BSBB X  BSCBKR)  C l  
BSBB X  BSCBKR)  C2  
BSBB X  BSCBKR)  C3  
BSBB X  BSCBKR)  C4  
BSBB X  BSCBKR)  C5  
BSSS(HT)  C2  
BSSS(HT)  C3  
BSSS(HT)  C4  
BSSS(HT)  C5  
BSSS(HT)  C6  
BSSS(HT)  C7  
BSSS CO X  BSSS(HT)  C2  
BSSS CO X  BSSS(HT)  C3  
BSSS CO X  BSSS(HT)  C4  
BSSS CO X  BSSS(HT)  C5  
BSSS CO X  BSSS(HT)  C6  
BSSS CO X  BSSS(HT)  C7  
BSSS(HT)  C2  X  BSCBKR)  C  
BSSS(HT)  C3  X  BSCBKR)  C  
BSSS(HT)  C4  X  BSCBKR)  C  
BS5S(HT)  C5  X  BSCBKR)  C  
BSSS(HT)  C6  X  BSCBKR)  C  
BSSS(HT)  C7  X  BSCBKR)  C  
70025  70026  
18 .4  10 .0  
22 .5  20 .3  
16 .7  13 .6  
9 .5  18 .  5  
3 .3  26 .2  
23 .7  17 .8  
24 .4  23 .0  
12 .7  22 .4  
12 .3  20 .5  
14 .0  35 .3  
16 .0  22 .7  
0 .0  18 .4  
11 .1  27 .7  
6 .  8  9 .8  
3 .0  10 .6  
4 .5  9 .4  
11 .1  13 .7  
14 .0  18 .6  
3 .6  13 .7  
3 .4  9 .0  
9 .1  14 .2  
3 .7  16 .6  
1 .9  17 .9  
7 .5  24 .7  
10 .5  16 .4  
4 .8  12 .7  
8 .9  16 .3  
13 .1  10 .9  
Environments 
A 
70027  71025  71026  7102  7  71028  MEAN Y  
6 .9  10 .2  20 .8  17 .9  0 .0  14 .0  17 .0  
4 .4  10 .6  39 .  3  12 .  8  0 .0  18 .3  16 .4  
7 .3  10 .2  25 .3  21 .1  0 .0  15 .7  15 .8  
1 .0  20 .  3  15 .  1  21 .4  0 .0  14 .3  15 .2  
15 .2  13 .9  29 .2  21 .  1  0 .0  18 .2  18 .7  
20 .8  11 .7  22 .7  30 .  2  0 .0  21 .2  18 .9  
8 .2  8 .0  22 .7  21 .  6  0 .0  19 .6  19 .0  
23 .8  8 .5  11 .3  20 .9  0 .0  16 .6  19 .1  
10 .0  10 .3  15 .0  26 .  1  0 .0  15 .7  19 .2  
12 .2  26 .4  23 .0  27 .  1  0 .0  23 .0  19 .4  
10 .9  16 .8  26 .  1  32 .0  0 .0  20 .7  14 .  1  
5 .6  18 .6  14 .2  16 .4  0 .0  12 .2  13 .1  
4 .4  8 .2  18 .9  9 .  1  0 .0  13 .3  12 .0  
10 .3  12 .8  8 .7  13 .  2  0 .0  10 .3  11 .0  
8 .4  7 .  1  16 .  1  21 .  2  0 .0  11  . 1  10 .0  
0 .5  6 .0  8 .3  10 .4  0 .0  6 .4  9 .0  
6 .0  19 .6  10 .6  13 .  2  0 .0  12 .4  13 .8  
5 .6  11 .4  15 .7  34 .  2  0 .0  16 .6  12 .7  
4 .0  5 .  1  12 .2  10 .  1  0 .0  8 .1  11 .5  
5 .  1  9 .  5  12 .0  14 .  1  0 .0  8 .9  10 .4  
3 .8  7 .  1  8 .7  15 .  3  0 .0  9 .7  9 .2  
5 .2  10 .  1  9 .9  10 .7  0 .0  9  . 4  8 .1  
3 .6  15 .5  31 .0  30 .  2  0 .0  16 .7  16 .8  
3 .0  6 .5  17 .7  24 .  2  0 .0  14 .0  15 .6  
10 .7  8 .6  24 .  2  21 .  6  0 .0  15 .2  14 .5  
7 .9  8 .5  11 .9  6 .  8  0 .0  8 .8  13 .3  
7 .4  10 .3  16 .4  19 .4  0 .0  13 .1  12 .1  
4 .2  12 .5  14 .0  28 .  4  0 .0  13 .9  11  .  1  
Table A2. (continued) 
PEDIGREE 70025  70026  
IOWA 13  X  BSSS CO 18 .  8  17 .  8  
IOWA 13  X  BSSS(HT)  C2  32 .  5  30 .  0  
IOWA 13  X  BSSS(HT)  C3  38 .  8  17 .  5  
IOWA 13  X  BSSS(HT)  C4  21 .  a  29 .  0  
IOWA 13  X  BSSS(HT)  C5  20 .  9  28 .  1  
IOWA 13  X  BSSS(HT)  C6  10 .  7  22 .  9  
IOWA 13  X  BSSS(HT)  C7  22 .  1  6 .  7  
MEAN 13 .8  19. 
Environments 
-A 
70027  7102  5  71026  7102  7  71028  MEAN Y  
17 .0  18 .6  35 .4  36 .  5  0 .0  24 .0  28 .  1  
27 .  1  33 .  5  36 .4  33 .  1  0 .0  32 .1  25 .6  
11 .1  15 .4  27 .3  35 .  1  0 .0  24 .2  24 .4  
21 .9  18 .0  23 .0  24 .  1  0 .0  23 .0  23 .2  
15 .7  24 .  8  21 .6  22 .  0  0 .0  22 .2  21 .9  
11 .1  18 .4  23 .8  20 .  8  0 .0  17 .9  20 .7  
18 .8  16 .0  29 .5  26 .4  0 .0  19 .9  19 .4  
10 .9  12 .9  20 .4  24 .5  0 .0  17 .0  17 .0  
Table A3. The environmental, grand and estimated (Y) mean grain moisture at harvest {%) of all 
entries in the RRS and RS for GCA 
Environments 
PEDIGREE 70025  700  26  70027  7102  5  71026  7102  7  71028  MEAN 
A 
Y 
BSSS CO 27 .3  28 .6  21 .8  22 .5  21 .  3  19 .  9  20 .1  23 .  1  21  
BSSS(R)  C I  26 .7  28 .7  21 .8  20 .0  21 .  0  18 .  8  18 .2  22 .2  21  
BSSS(R)  C2  26 .4  27 .1  21 .2  20 .7  20 .  5  18 .  4  19 .0  21 .9  21  
8SSS(R)  C3  24 .7  25 .0  20 .4  17 .  1  19 .  1  18 .  1  17 .6  23 .3  20  
BSSSCR}  C4  24 .7  24 .9  19 .3  19 .2  18 .  7  17 .  9  16 .4  20 .  1  20  
BSSSIR)  C5  25 .5  26 .9  20 .0  19 .0  18 .  9  18 .  4  15 .7  20 .6  20  
BSSS CO X  BSSS CO 25 .2  25 .8  20 .8  21 .  5  19 .  5  18 .  3  17 .2  21 .2  21  
BSSS CO X  BSSS(R)  C I  25 .6  27 .2  20 .6  19 .8  19 .  1  18 .  7  18 .1  21 .3  21  
BSSS CO X  BSSS(R)  C2  25 .3  28 .1  20 .7  18 .5  19 .  2  18 .  3  19 .4  21  . 4  21  
BSSS CO X  BSSS(R)  C3  25 .6  26 .9  20 .8  20 .8  19 .  9  19 .  2  17 .4  21 .5  21  
BSSS CO X BSSS(R)  C4  26 .4  27 .5  20 .7  20 .1  20 .  3  17 .  8  16 .8  21 .4  21  
BSSS CO X  BSSS(R)  C5  26 .9  26 .0  21 .  1  22 .6  20 .  4  19 .  6  19 .1  22 .2  21  
BSCBl  CO X BSSS CO 22 .8  25 .1  19 .7  17 .1  17 .  9  18 .  4  16 .5  19 .6  19  
BSCBl  CO X  BSSS(R)  C I  22 .7  24 .0  19 .8  18 .  7  18 .  3  17 .  7  16 .2  19 .6  19  
BSCBl  CO X  eSSS(R)  C2  22 .6  26 .0  19 .8  18 .6  18 .  4  18 .  3  17 .6  20 .2  19  
BSCBl  CO X BSSS(R)  C3  23 .3  23 .1  19 .9  18 .4  18 .  7  18 .  4  15 .2  19 .6  19  
BSCBl  CO X  BSSS(R)  C4  22 .6  24 .  8  18 .  7  18 .1  18 .  4  17 .  3  14 .9  19 .2  19  
BSCBl  CO X  BSSS(R)  C5  22 .6  23 .5  19 .7  17 .0  18 .  7  17 .  5  14 .9  19 .  1  19  
BSCBKR)  C5  X  BSSS CO 25 .0  25 .5  20 .5  20 .7  17 .  4  18 .  1  15 .8  20 .4  19  
BSCBl (R)  C5  X  BSSS(R)  C I  23 .1  24 .0  19 .9  19 .3  18 .  7  17 .  8  15 .5  19 .8  19  
BSCBKR)  C5  X  BSSStR)  C2  23 .7  24 .2  19 .3  18 .2  18 .  7  17 .  4  16 .8  19 .8  19  
BSCBKR)  C5  X  BSSS(R)  C3  23 .2  24 .8  18 .9  18 .5  18 .  1  17 .  6  15 .6  19 .5  19  
BSCBKR)  C5  X  BSSS(R)  C4  24 .6  24 .3  18 .8  17 .5  17 .  6  17 .  8  16 .0  19 .5  19  
BSCBKR)  C5  X  BSSS(R)  C5  23 .8  26 .0  18 .6  19 .7  18 .  9  17 .  8  15 .6  20 .1  19  
BSSS CO X  BSCBl  CO 23 .  2  24 .6  18 .8  17 .5  13 .  5  18 .  2  16 .0  19 .6  19  
BSSSIR)  C I  X  BSCBKR)  C I  23 .1  22 .3  19 .9  19 .2  17 .  7  18 .  4  16 .6  19 .6  19  
BSSStR)  C2  X BSCBKR)  C2  22 .9  24 .5  19 .5  18 .2  17 .  8  17 .  0  15 .0  19 .3  19  
BSSSIR)  C3  X  BSCBKR)  C3  23 .0  24 .5  19 .5  19 .5  17 .  5  17 .  6  18 .1  19 .9  19  
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Table A3, (continued) 
Environments 
PEDIGREE 70025  70026  70027  7102  5  71026  7102  7  71028  MEAN Y 
BSSSCR)  C4  X  BSCBICR)  C4  22 .8  24 .1  18 .7  19 .1  17 .9  17 .  0  15 .4  19 .3  19 .7  
BSSS(R)  C5  X BSCBICR)  C5  23 .6  23 .8  19 .5  18 .7  18 .  1  18 .  0  17 .3  19 .8  19 .9  
BSBB X  BSSS CO 25 .6  26 .1  19 .8  19 .5  19 .7  19 .  0  17 .3  21 .0  20 .8  
BSBB X BSSS(R)  C I  24 .0  24 .7  19 .7  18 .7  19 .0  17 .  3  17 .0  20 .1  20 .7  
BSEB X BSSS(R)  C2  24 .1  26 .4  20 .0  18 .4  19 .3  18 .  6  19 .0  20 .8  20 .5  
BSBB X  BSSSCR)  C3  23 .7  25 .7  20 .1  19 .5  19 .7  18 .  8  16 .3  20 .6  20 .3  
BSBB X  BSSSCR)  C4  23 .4  24 .9  20 .7  19 .0  19 .0  17 .  7  15 .9  23 .1  20 .2  
BSBB X  BSSSCR)  C5  24 .7  25 .5  19 .4  17 .6  18 .9  17 .  5  15 .8  19 .9  20 .0  
BSCBl  CO 23 .0  24 .4  19 .2  16 .6  17 .3  16 .  7  15 .4  18 .9  18 .8  
BSCBICR)  C I  21 .6  24 .0  18 .2  15 .7  18 .0  16 .  7  14 .7  18 .4  18 .8  
BSCBlCR)  C2  21 .8  22 .7  19 .7  16 .8  17 .6  17 .  0  15 .3  18 .7  -  18 .8  
BSCBICR)  C3  24 .6  23 .2  19 .6  16 .5  16 .9  19 .  3  15 .5  19 .4  18 .8  
BSCBlCR)  C4  22 .8  23 .0  19 .4  15 .6  16 .  8  16 .  6  14 .8  18 .4  18 .8  
BSCBICR)  C5  22 .5  23 .8  18 .9  15 .9  19 .4  17 .  4  15 .3  19 .0  18 .8  
BSCBl  CO X  BSCBl  CO 21 .9  23 .8  20 .  1  16 .9  18 .2  17 .  4  16 .3  19 .2  18 .8  
BSCBl  CO X  BSCBICR)  C I  22 .6  23 .8  18 .1  16 .5  17 .3  17 .  5  16 .1  18 .8  18 .9  
BSCBl  CO X  BSCBICR)  C2  21 .8  25 .5  19 .5  15 .2  17 .3  18 .  0  15 .6  19 .0  19 .0  
BSCBl  CO X  BSCBICR)  C3  22 .5  24 .3  19 .3  15 .0  16 .9  17 .  1  14 .7  18 .6  19 .0  
BSCBl  CO X  BSCBICR)  C4  23 .7  24 .4  19 .8  17 .7  17 .6  18 .  0  15 .2  19 .5  19 .1  
BSCBl  CO X BSCBICR)  C5  23 .5  23 .1  19 .1  16 .4  18 .5  17 .  3  15 .3  19 .1  19 .2  
BSCBl  CO 22 .5  0 .0  2 .2  0 .0  9 .6  1 .  5  0 .0  7 .2  6 .2  
BSSS CO X BSCBl  CO 24 .4  24 .2  18 .6  17 .9  18 .1  18 .  1  15 .7  19 .6  19 .8  
BSSS CO X  BSCBICR)  C I  23 .3  24 .  5  18 .5  19 .0  17 .8  17 .  5  17 .1  19 .7  19 .8  
BSSS CO X  BSCBICR)  C2  23 .3  25 .2  19 .4  18 .0  17 .5  17 .  6  17 .4  19 .8  19 .9  
BSSS CO X BSCBICR)  C3  24 .9  25 .8  19 .2  18 .2  18 .9  18 .  6  17 .2  20 .4  19 .9  
BSSS CO X  BSCBICR)  C4  24 .5  24 .4  19 .3  19 .4  17 .9  17 .  3  16 .0  19 .8  19 .9  
BSSS CO X BSCBICR)  C5  22 .4  25 .2  18 .9  17 .8  18 .9  17 .  8  15 .6  19 .5  19 .6  
BSSSCR)  C5  X  BSCBl  CO 23 .1  24 .5  18 .3  17 .9  19 .1  17 .  3  15 .5  19 .4  19 .6  
Table A3, (continued) 
Environments 
A 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MEAN Y  
BSSStR)  C5  X BSCBl lR l  C I  23 .3  25 .5  19 .8  17 .9  20 .  1  17 .  8  16 .5  20 .  1  19 .6  
BSSSIR)  C5  X BSCBKR)  C2  24 .6  24 .8  20 .2  18 .9  18 .5  17 .6  16 .6  20 .2  19 .7  
BSSS(R)  C5  X  BSCBKR)  C3  24 .3  23 .7  19 .6  17 .6  18 .6  17 .6  16 .6  19 .7  19 .7  
BSSS(R)  C5  X  BSCBKR)  C4  23 .3  25 .6  19 .8  19 .7  18 .8  17 .  8  15 .4  20 .1  19 .7  
BSSStR)  C5  X BSCBKR)  C5  23 .2  24 .1  18 .9  18 .7  18 .5  18 .0  15 .3  19 .5  19 .8  
BSBB X  BSCBl  CO 21 .9  24 .0  19 .7  17 .5  18 .5  17 .  2  16 .5  19 .3  19 .3  
BSBB X BSCBKR)  C I  22 .7  24 .9  18 .3  16 .7  19 .0  17 .4  16 .4  19 .3  19 .3  
BSBB X BSCBKR)  C2  22 .5  26 .  1  19 .3  16 .7  17 .9  16 .9  15 .8  19 .3  19 .4  
BSBB X BSCBKR)  C3  23 .9  25 .3  19 .4  17 .0  19 .1  17 .  3  16 .2  19 .7  19 .4  
BSBB X BSCBl fR)  C4  22 .9  24 .1  19 .3  17 .6  19 .1  17 .5  15 .2  19 .4  19 .5  
BSBB X BSCBKR)  C5  23 .1  25 .6  19 .0  18 .4  17 .0  17 .  5  15 .3  19 .4  19 .5  
BSSS(HT)  C2  27 .2  28 .8  20 .7  23 .6  21 .9  19 .2  18 .5  22 .8  21 .8  
BSSS(HT)  C3  24 .5  26 .4  19 .3  22 .3  20 .2  18 .0  16 .6  21 .1  21 .8  
BSSSCHT)  C4  24 .8  27 .2  20 .2  21 .8  20 .4  19 .  5  17 .4  21 .6  21 .7  
BSSS(HT)  C5  24 .5  26 .1  18 .7  19 .1  19 .7  18 .2  17 .2  23 .5  21 .7  
BSSS(HT)  C6  27 .2  28 .2  21 .0  19 .1  19 .  8  18 .  0  18 .4  21 .7  21  . 6  
BSSS(HT)  C7  28 .9  28 .7  21 .3  20 .7  21 .3  19 .3  16 .9  22 .4  21 .6  
BSSS CO X BSSS(HT)  C2  27 .5  26 .4  20 .9  21 .9  20 .5  19 .6  20 .5  22 .5  21 .9  
BSSS CO X BSSS(HT)  C3  25 .7  25 .8  20 .8  21 .0  22 .1  17 .  5  18 .4  21 .6  21 .9  
BSSS CO X BSSS(HT)  C4  25 .9  26 .9  20 .4  19 .0  20 .4  18 .3  17 .4  21 .2  21 .9  
BSSS CO X  BSSS(HT)  C5  27 .8  28 .0  20 .5  19 .6  21 .5  19 .  0  18 .8  22 .2  21  . 9  
BSSS CO X BSSSCHT)  C6  27 .9  28 .2  20 .8  19 .0  20 .1  19 .  1  17 .3  21 .8  21 .9  
BSSS CO X  BSSS(HT)  C7  27 .8  27 .6  20 .5  21 .7  20 .3  19 .3  18 .9  22 .3  21 .9  
BSSS(HT)  C2  X  BSCBKR)  C  25 .3  25 .4  20 .2  19 .5  18 .9  19 .  2  17 .5  20 .0  20 .0  
BSSSCHT)  C3  X  BSCBKR)  C  23 .7  25 .0  19 .0  17 .2  18 .4  18 .0  16 .1  20 .0  20 .0  
BSSSCHT)  C4  X  BSCBICR)  C  24 .0  26 .8  20 .8  20 .  7  21 .2  18 .5  17 .0  20 .3  20 .0  
BSSSCHT)  C5  X  BSCBKR)  C 23 .0  23 .7  19 .0  17 .3  17 .5  16 .6  15 .9  19 .8  20 .  1  
BSSSCHT)  C6  X  BSCBICR)  C  23 .5  24 .6  19 .4  18 .6  18 .7  18 .2  17 .0  20 .0  20 .2  
Table A3, (continued) 
Environments 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MEAN 
A  
Y  
BSSS(HT)  C7  X  BSCBl (R)  C  23 .2  23 .6  19 .9  19 .4  20 .3  17 .  8  16 .6  19 .8  0 .0  
IOWA 13  X BSSS CO 23 .6  25 .1  19 .8  18 .8  18 .4  17 .  7  16 .7  20 .0  20 .1  
IOWA 13  X  BSSS(HT)  C2  24 .0  26 .2  19 .4  18 .6  17 .8  17 .6  16 .1  20  . 0  20 .0  
lOhA 13  X BSSS(HT)  C3  24 .5  26 .3  19 .9  18 .8  18 .4  17 .  7  16 .6  20 .3  20 .0  
lOkA 13  X  BSSS(HT)  C4  23 .5  24 .7  19 .5  19 .1  18 .1  17 .  8  16 .2  19 .8  19 .9  
IOWA 13  X BSSS(HT)  C5  23 .2  25 .9  20 .3  18 .5  18 .2  17 .  5  16 .3  23 .0  19 .9  
IOWA 13  X BSSS(HT)  C6  22 .9  25 .1  19 .4  17 .8  18 .9  17 .  5  17 .1  19 .8  19 .8  
IOWA 13  X BSSS(HT)  C7  25 .3  23 .8  18 .5  18 .2  18 .3  17 .  1  16 .6  19 .7  19 .8  
MEAN 24 .1  25 .0  19 .5  18 .5  18 .8  17 .8  16 .4  20 .0  19 .  
Table A4. The environmental, grand and estimated (Y) mean ears per 100 plants of all entries in 
the RRS and RS for OCA 
Environments 
PEDIGREE 70025 70026 70027 71025 71026 71027 71028 MEAN 
A 
Y 
BSSS CO 94. « 92.1 0.0 96. 0 89. 9 0. 0 96.4 93.8 93 
BSSS(S) CI 101. 1 95.8 0. 0 95. 2 92. 2 0. 0 104.6 97.9 95 
BSSS(R) C2 107. 6 97.4 0. 0 110. 6 84. 9 0. 0 83.9 9S.8 96 
BSSS(R) C3 103. 7 97.5 0.0 108. 5 93. 8 0. 0 104.1 102.1 98 
BSSS(R) C4 101. 9 94.7 0.0 105. 0 85. 1 0. 0 97.1 96.9 99 
BSSS(R) C5 106. 6 98.6 0.0 98. 7 96. 3 0. 0 98.8 99.8 100 
BSSS CO X BSSS CO 101. Î) 97.3 0.0 107. 2 97. 7 0. 0 88.0 98.4 93 
BSSS CO X BSSS(R) C1 103. 2 97. 1 0.0 88. 9 75. 5 0. 0 83.2 89.6 94 
BSSS CO X BSSS(R) C2 103. 9 93. 7 0.0 92. 8 82. 5 0. 0 98.5 94.2 94 
BSSS CO X BSSS(R) C3 102. 9 98.5 0. 0 91. 7 90. 7 0. 0 83.8 93.6 95 
BSSS CO X BSSS(R) C4 109. 0 94.5 0.0 104. 6 96. 7 0. 0 84.4 97.8 95 
BSSS CO X BSSS(R) C5 108. 0 101.2 0.0 82. 0 90. 2 0. 0 103.8 96.9 96 
BSCB1 CO X BSSS CO 95. 6 97.3 0.0 99. 9 88. 9 0. 0 88.6 94.0 95 
BSCB1 CO X BSSS(R) CI 98. 5 96.2 0.0 108. 6 101. 1 0. 0 92.5 99. 4 98 
BSCE1 CO X BSSS(R) C2 98. 3 96. 2 0.0 94. 8 103. 7 0. 0 93.9 97.4 100 
BSCB1 CO X BSSS(R) C3 111. 3 92.3 0.0 105. 9 93. 2 0. 0 1 10. 1 1 02. 6 102 
BSCB1 CO X BSSS(P) C^ 102. 1 98.7 0.0 9 5. 8 100. 0 0. 0 95.2 98.3 104 
BSCB1 CO X ESSS(R) C5 103. 0 102. 6 0.0 10 5. 1 100. 2 0. 0 131.1 1 08.5 106 
BSCBI (R) C5 X BSSS CO 102. 1 98.5 0.0 93. 1 95. 9 0. 0 103.4 98.6 97 
BSCBI(R) C5 X BSSS(R) CI 113. 6 100.0 0.0 108. 6 99. 9 0. 0 97. 1 103.9 99 
BSCBI (R) C5 X BSSS(R) C2 103. 4 101.5 0.0 115. 8 90. 8 0. 0 104.7 103. 1 101 
BSCBI (R) C5 X BSSS (R) C3 97. 3 98.4 0. 0 104. 2 100. 1 0. 0 94.4 98.9 103 
BSCBI (R) C5 X BSSS(R) ca 108. 7 97.3 0.0 116. 8 91. 1 0. 0 107.6 104.4 106 
BSCBI (R) C5 X BSSS(R) C5 110. 4 102.9 0.0 129. 4 108. 1 0. 0 107.6 111.6 108 
BSSS CO X BSCBI CO 106. 7 93.5 0.0 98. 6 93. 4 0. 0 100.0 98.4 95 
BSSS(R) CI X BSCBI (R) CI 102. 5 106. 3 0.0 94. 6 93. 3 0. 0 1 17.8 102.8 98 
BSSS(R) C2 X BSCBI (R) C2 101. 5 96.0 0.0 94. 2 103. 8 0. 0 1 10.0 101. 1 100 
BSSS (R) C3 X BSCBI (R) C3 100. 2 96.2 0.0 100. 6 95. 7 0. 0 109.7 100.4 103 
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Table A4, (continued) 
Environments 
PEDIGBEE 7002 5 70026 70027 71025 71026 71027 71028 MEAN 
A 
Ï 
BSSS(R) Ct| X BSCBI(B) C4 101. 3 98.4 0.0 107. 8 105. 2 0. 0 128.0 103.2 105 
BSSS(R) C5 X BSCBI(R) C5 107. 1 98.5 0.0 120. 4 104. 5 0. 0 111.5 1 03.5 108 
BSBB X BSSS CO 96. 8 94.5 0.0 118. 6 92. 1 0. 0 94.1 99.3 99 
BSBB X BSSS (R) Cl 99. 6 94.0 0.0 89. 0 98. 4 0. 0 108.6 98.0 99 
BSBB X BSSS(R) C2 103. 9 104.3 0.0 103. 6 98. 3 0. 0 89.6 100.0 99 
BSEB X BSSS(E) C3 98. 4 97.4 0.0 109. 0 96. 6 0. 0 103.3 101.0 99 
BSBB X BSSS(R) C4 110. 5 98.5 0.0 98. 7 98. 4 0. 0 99.0 101.1 99 
BSEB X BSSS(R) C5 101. 7 94.8 0.0 103. 0 85. 5 0. 0 105.3 99 . 1 99 
BSCB1 CO 102. 4 95.9 0.0 98. 8 88. 1 0. 0 94.3 95.8 96 
BSCBI (R) Cl 100. 2 94.2 0.0 102. 4 94. 7 0. 0 98.6 98.0 98 
BSCBI(R) C2 100. 5 94.8 0.0 97. 1 93. 7 0. 0 111.9 99.5 99 
BSCB1(R) C3 108. 8 100.0 0.0 111. 6 86. 2 0. 0 1 10.2 103.3 101 
BSCBI(R) C4 104. 5 95.1 0.0 99. 9 101. 7 0. 0 96.9 99.7 102 
BSCB1 (R) C5 107. 1 97.3 0.0 122. 6 92. 5 0. 0 110.1 105.0 104 
BSCB1 CO X BSCBI CO 106. 2 98.7 0.0 95. 5 97. 6 0. 0 93.6 98.3 96 
BSCBI CO X BSCBI(R) CI 97. 5 96.3 0.0 84. 6 87. 4 0. 0 113. 1 95.7 97 
BSCBI CO X BSCBI(R) C2 103. 3 101.4 0. 0 101. 7 98. 2 0. 0 105.2 1 02.0 98 
BSCBI CO X BSCBI(R) C3 103. 0 91.9 0.0 103. 1 83. 8 0. 0 108.3 98. 1 98 
BSCBI CO X BSCBI(R) C4 99. 6 90.9 0.0 106. 0 89. 1 0. 0 93.9 96.0 99 
BSCBI CO X BSCBI(R) C5 109. 5 97.2 0.0 97. 1 93. 9 0. 0 107.2 101.0 99 
BSSS CO X BSCBI CO 99. 6 97.6 0.0 101. 4 88. 9 0. 0 89.1 95.4 95 
BSSS CO X BSCBI (R) C1 95. 7 98.7 0.0 86. 8 92. 4 0. 0 100.0 94.7 96 
BSSS CO X BSCBI (R) C2 99. 6 94.6 0.0 104. 3 94. 7 0. 0 92.3 97.2 96 
BSSS CO X BSCBI (R) C3 107. 9 93.5 0.0 101. 2 84. 1 0. 0 87.4 94.8 97 
BSSS CO X BSCBI (R) C4 102. 0 96.3 0.0 110. 0 95. 0 0. 0 90.3 98.6 97 
BSSS CO X BSCBI (R) C5 96. 6 100.1 0.0 99. 9 96. 7 0. 0 84.7 95.7 97 
BSSS(R) C5 X BSCBI CO 111. 6 10 2.6 0.0 107. 5 98. 6 0. 0 111.0 1 05. 2 106 
BSSS (R) C5 X BSCBI (R) C1 104. 3 99.8 0.0 105. 1 103. 3 0. 0 112.0 1 05.0 106 
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Table AU, (continued) 
Environments 
PEDIGREE 70025 70 0 2 6 70027 71025 71026 71027 71028 MEAN 
A 
Y 
BSSS(R) C5 X BSCB1 (R) C2 106. 4 98.8 0.0 110. 0 107. 7 0. 0 107.1 1 05.0 106 
BSSS(B) C5 X BSCB1 (R) C3 129. 9 97.5 0.0 115. 4 118. 4 0. 0 116.7 1 15.5 107 
BSSS(R) C5 X BSCBl (R) C4 98. 7 10 2.4 0.0 117. 4 98. 5 0. 0 115.2 105.4 107 
BSSS(R) C5 X BSCBl (R) C5 111. 2 95.9 0.0 104. 7 107. 1 0. 0 93.9 102.5 108 
BSBB X BSCBl CO 108. 5 93.6 0.0 109. 7 97. 1 0. 0 87.7 99.3 101 
BSBB X BSCBl (R) Cl 113. 1 93.2 0.0 111. 6 98. 6 0. 0 103.5 1 04.0 101 
BSEB X BSCBl (R) C2 106. 5 100.3 0.0 109. 7 92. 6 0. 0 106.0 103.0 102 
BSBB X BSCBl (R) C3 111. 4 93.6 0.0 103. 1 100. 5 0. 0 98.5 101.4 103 
BSEB X BSCBl (S) C4 107. 0 101.5 0.0 114. 1 85. 8 0. 0 1 15.2 104.8 103 
BSEB X BSCBl (R) C5 105. 3 97.1 0.0 118. 5 89. 6 0. 0 109.4 103.9 104 
BSSS (HT) C2 105. 3 100.0 0.0 100. 0 96. 6 0. 0 85.0 97.4 95 
BSSS (HT) C3 93. 4 99.9 0.0 106. 7 90. 9 0. 0 96.7 97.7 95 
BSSS(HT) C4 98. 2 95.8 0.0 83. 5 98. 1 0. 0 89.7 93. 1 96 
BSSS (HT) C5 110. 4 96.4 0.0 103. 7 88. 0 0. 0 109.9 101.5 97 
BSSS (HT) C6 98. 3 100.0 0.0 94. 0 93. 5 0. 0 101.6 97.6 97 
BSSS(HT) C7 101. 8 94.3 0.0 95. 6 90. 9 0. 0 98.3 95. 1 98 
BSSS CO X BSSS(HT) C2 97. 5 93.6 0.0 89. 0 78. 7 0. 0 83.8 88.5 94 
BSSS CO X BSSS(HT) C3 99. 0 96.2 0.0 97. 1 89. 1 0. 0 101.4 95.4 95 
BSSS CO X BSSS (HT) C4 105. 4 97.2 0.0 90. 5 87. 0 0. 0 94.6 95.0 95 
BSSS CO X BSSS(HT) C5 106. 7 93.6 0.0 98. 1 82. 7 0. 0 86.8 93.6 96 
BSSS CO X BSSS(HT) C6 104. 6 99.9 0.0 90. 0 91. 2 0. 0 83.3 93.8 96 
BSSS CO X BSSS(HT) C7 112. 3 100.0 0.0 106. 3 93. 5 0. 0 106.3 103.8 97 
BSSS(BT) C2 X BSCBl (R) C 101. 7 97.4 0.0 108. 0 95. 3 0. 0 95.3 99.6 97 
BSSS (HT) C3 X BSCBl (R) C 102. 7 98.7 0.0 90. 6 85. 7 0. 0 120.1 99.6 98 
BSSS(HT) C4 X BSCBl (R) C 101. 8 91.9 0.0 93. 9 93. 5 0. 0 87.9 93.7 100 
BSSS (HT) C5 X BSCBl (R) C 104. 9 104. 1 0.0 105. 4 95. 3 0. 0 105.1 102.8 101 
BSSS (HT) C6 X BSCBl (R) C 110. 6 98.7 0.0 10 1. 5 104. 5 0. 0 109.1 104.9 103 
BSSS (HT) C7 X BSCBl (R) C 110. 4 101.3 0.0 103. 3 98. 5 0. 0 97.6 102.2 102 
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Table AU. (continued) 
Environments 
A 
PEDIGREE 70025 70025 70027 71025 71026 71027 71028 HE AN Y 
IOWA 13 X BSSS CO 118. 3 92.3 0.0 104. 8 88.9 0. 0 92.8 99.4 99.8 
IOWA 13 X BSSS(HT) C2 106, 7 93.6 0. 0 104. 7 103.4 0.0 99.4 101.6 100. 1 
IOWA 13 X BSSS (HT) C3 106.5 98.7 0.0 98. 5 86. 5 0.0 108.6 99.8 100.3 
IOWA 13 X BSSS(HT) C4 94.5 95.2 0.0 109.0 88. 5 0. 0 98.1 96.9 100.5 
IOWA 13 X BSSS(HT) C5 111.9 97.5 0.0 110.7 96. 6 0. 0 105.3 104.4 100.7 
IOWA 13 X BSSS(HT) C6 97.0 99.9 0.0 122.7 91.4 0. 0 96.7 101.5 100.8 
IOWA 13 X BSSS(HT) C7 104.5 97.1 0.0 104. 5 97.2 0. 0 94.4 99.6 101.0 
MEAN 104.2 97.3 o
 
o
 
102.9 94.2 
o
 
o
 100.4 99.8 99. 
A 
Table A5« The environmental, grand and estimated (Y) 
of all entries in the RRS and RS for GCA 
Test Weight 
Environments 
PEDIGREE 70025  70027  MEAN 
BSSS CO 70 .  7  70 .  2  70 .  4  
BSSS(R> C I  70 .  1  71 .  9  71 .  0  
BSSS(R)  C2  72 .2  73 .  5  72 .  9  
8SSSIR)  C3  74 .6  74 .  2  74 .  4  
BSSS(R)  C4  72 .2  73 .  8  73 .  0  
eSSS(R)  C5  73 .  3  73 .  7  73 .  5  
BSSS CO X  BSSS CO 78 .9  72 .  0  75 .  4  
BSSS CO X  BSSS(R)  C I  71 .  1  71 .  8  71 .  4  
BSSS CO X  BSSS(R)  C2  71 .9  7  2 .  8  72 .  3  
BSSS CO X  BSSS(R)  C3  70 .8  71 .  6  71 .  2  
BSSS CO X  BSSS(R)  C4  72 .5  73 .  1  72 .  8  
BSSS CO X BSSS(R)  C5  70 .6  71 .  6  71 .  1  
BSCBl  CO X  BSSS CO 73 .6  72 .  8  73 .  2  
BSCBl  CO X  BSSS(R)  C I  73 .  1  72 .  2  72 .  6  
BSCBl  CO X  BSSS(R)  C2  72 .9  74 .  6  73 .  7  
BSCBl  CO X BSSS(R)  C3  74 .3  74 .  4  74 .  4  
BSCBl  CO X  BSSS(R)  C4  72 .9  73 .  8  73 .  3  
BSCBl  CO X  BSSS(R)  C5  73 .7  73 .  9  73 .  8  
BSCBUR)  C5  X  BSSS CO 72 .9  72 .  5  72 .  7  
BSCBl (R)  C5  X  BSSS(R)  C I  73 .8  74 .  4  74 .  I  
BSCBUR)  C5  X  BSSS(R)  C2  72 .5  72 .  8  72 .  6  
BSCBl (R)  C5  X  BSSS(R)  C3  73 .9  74 .  0  74 .  0  
BSCBl (R)  C5  X  SSSS(R)  C4  73 .9  75 .  6  74 .  7  
BSCBl (R)  C5  X  BSSS(R)  C5  73 .  7  73 .  3  73 .  5  
BSSS CO X  BSCBl  CO 71 .7  73 .  1  72 .  4  
8SSS(R)  C I  X BSCBKRJ C I  73 .7  72 .  2  72 .  9  
BSSSIR)  C2  X BSCBI (R)  C2  72 .5  72 .  2  72 .  3  
BSSSIR)  C3  X  BSCBl (R)  C3  73 .8  73 .  6  73 .  7  
test weight (kg/hi) and tassel branch number 
Tassel Branch Ilumber 
« 
Environments 
71025  71026  71027  MEAN 
A 
Y 
71 .  2  147 .  3  151 .  0  136 .5  144 .9  148 .4  
71 .  8  160 .  9  155 .  8  144 .5  153 .7  147 .  P  
72 .  4  163 .  6  125 .  7  153 .5  147 .6  147 .2  
72 .  9  158 .  3  133 .  3  146 .5  146 .0  146 .5  
73 .  5  144 .  3  152 .  0  139 .0  145 .  1  145 .9  
74 .  0  144 .  4  136 .  2  154 .0  144 .9  145 .3  
71 .  2  135 .  2  150 .  1  103 .5  129 .6  148 .4  
71 .  4  146 .  6  139 .  7  123 .0  136 .4  149 .3  
71 .  5  161 .  7  140 .  0  165 .0  155  . 6  150 .2  
71 .  7  162 .  4  141 .  0  156 .5  153 .3  151 .2  
71 .  8  169 .  6  147 .  0  160 .5  159  . 0  152 .0  
71 .  9  158 .  5  142 .  6  138 .0  146 .4  152 .9  
72 .  7  187 .  6  138 .  2  161 .0  162 .3  151 .5  
72 .  9  173 .  8  150 .  8  121 .0  148 .5  149 .4  
73 .  1  159 .  2  140 .  1  121 .5  140 .3  147 .3  
73 .  3  145 .  5  115 .  6  133 .0  131 .4  145 .7  
73 .  5  143 .  8  147 .  0  149 .0  146 .6  143 .1  
73 .  7  145 .  0  125 .  4  118 .0  129 .5  141 .0  
72 .  8  154 .  0  144 .  1  131 .5  143 .2  147 .8  
73 .  0  169 .  4  126 .  6  153 .5  149 .8  145 .7  
73 .  7  124 .  6  122 .  0  135 .5  127 .4  143 .6  
73 .  4  148 .  8  135 .  6  144 .5  142  . 9  141 .5  
73 .  6  158 .  0  133 .  3  131 .5  141 .0  139 .4  
73 .  8  161 .  0  144 .  2  131 .0  145 .4  137 .3  
72 .  7  161 .  0  145 .  3  136 .0  147 .4  151  . 5  
72 .  9  162 .  3  117 .  5  162 .0  147 .3  148 .7  
73 .  1  187 .  4  139 .  6  149 .0  158 .7  145 .8  
73 .  4  163 .  9  144 .  9  150 .0  152 .9  143 .0  
Table A5. (continued) 
Test Weight Tassel Branch liumber 
Environments Environments 
PEDIGREE 70025  70027  MEAN 
A 
Y 71025  71026  71027  MFAN 
A 
Y 
BSSS(R)  C4  X BSCBKRJ C4  74 .  7  73 .8  74 .  2  73 .  6  179 .2  123 .  5  154 .5  152 .4  140  
BSSS(R)  C5  X  BSCBKR)  C5  73 .5  73 .4  73 .  5  73 .  8  140 .  5  133 .  4  144 .5  139 .5  137  
BSBB X BSSS CO 72 .7  72 .7  72 .  7  73 .  4  154 .4  140 .  6  168 .5  154 .5  152  
BS8B X BSSS(R)  C I  74 .3  73 .9  74 .  1  73 .  3  164 .9  117 .  1  138 .5  143 .2  142  
BSBB X BSSS(R)  C2  72 .7  74 .0  73 .  3  73 .  3  145 .  8  131 .  8  126 .0  134 .5  138  
BSBB X BSSS(R)  C3  73 .6  72 .4  73 .  0  73 .  2  162 .3  149 .  7  114 .5  142 .2  140  
BSBB X BSSS(R)  C4  74 .5  73 .2  73 .  8  73 .  2  166 .  3  135 .  7  159 .0  153 .7  147  
BSBB X BSSS(R)  C5  72 .4  73 .0  72 .  7  73 .  2  162 .  1  147 .  3  163 .0  157 .5  161  
BSCBl  CO 72 .6  73 .8  73 .  2  73 .  2  150 .3  151 .  I  146 .5  149 .3  148  
BSCBKR)  C I  71 .4  73 .4  72 .  4  72 .  9  141 .  5  140 .  1  140 .5  140 .7  144  
BSCBKR)  C2  72 .5  71 .8  72 .  1  73 .  I  136 .8  127 .  5  131 .0  131 .8  141  
BSCBKR)  C3  73 .4  73 .9  73 .  7  73 .  3  150 .4  162 .  2  146 .0  152 .9  138  
BSCBKR)  C4  74 .3  73 .1  73 .  7  73 .  5  141 .4  126 .  0  120 .0  129 .1  134  
BSCBKR)  C5  74 .0  73 .4  73 .  7  73 .  7  138 .2  131 .  7  126 .0  131 .9  131  
BSCBl  CO X  BSCBl  CO 73 .6  72 .3  72 .  9  72 .  7  161 .9  130 .  5  141 .0  144 .5  148  
BSCBl  CO X  BSCBl (R)  C I  72 .3  73 .7  73 .  0  72 .  9  147 .8  158 .  9  133 .3  146 .6  147  
BSCBl  CO X BSCBKR)  C2  73 .  I  73 .2  73 .  2  73 .  2  157 .1  154 .  8  151 .5  154 .5  145  
BSCBl  CO X  BSCBKR)  C3  72 .8  74 .0  73 .  4  73 .  5  160 .6  131 .  3  156 .0  149 .3  144  
BSCBl  CO X BSCBKR)  C4  73 .2  73 .8  73 .  5  73 .  7  147 .5  123 .  3  163 .5  144 .8  143  
BSCBl  CO X  BSCBKR)  C5  74 .7  73 .7  74 .  2  74 .  0  152 .0  132 .  6  120 .5  135 .0  142  
BSSS CO X BSCBl  CO 72 .6  73 .1  72 .  8  72 .  7  144 .6  148 .  3  165 .5  152 .8  151  
BSSS CO X  BSCBKR)  C I  71 .1  72 .1  71 .  6  72 .  7  147 .2  135 .  2  159 .5  147 .3  150  
BSSS CO X BSCBKR)  C2  72 .7  72 .8  72 .  8  72 .  7  148 .  6  122 .  2  140 .0  136 .9  150  
BSSS CO X BSCBKR)  C3  72 .8  72 .3  72 .  6  72 .  8  175 .3  149 .  5  151 .5  158 .8  149  
BSSS CO X  BSCBKR)  C4  72 .5  73 .2  72 .  9  72 .  8  143 .7  137 .  8  151 .0  144 .2  148  
BSSS CO X BSCBl (R)  C5  72 .6  72 .6  72 .  6  72 .  8  146 .  9  138 .  0  142 .0  142 .3  147  
BSSS(R)  C5  X  BSCBl  CO 72 .7  74 .5  73 .  6  72 .  7  160 .7  144 .  7  160 .0  155 .  1  141  
BSSS(R)  C5  X  BSCBKR)  C I  74 .6  73 .9  74 .  2  72 .  7  134 .3  148 .  0  132 .5  138 .3  140  
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Table A5. (continued) 
Test Weight Tassel Branch fhrnber 
PEDIGREE 
Environments 
A 
Y 
Environments 
MEAN 
A, 
Y 70025  70027  MEAN 71025  7102  6  71027  
BSSS(R)  C5  X BSCBKR)  C2  72 .6  74 .0  73 .3  72 .  8  135 .  9  128 .  4  124 .0  129 .5  139  
BSSS5R)  C5  X  BSCBKR)  C3  73 .3  73 .  1  73 .  2  72 .  8  167 .  8  142 .  7  94 .5  135 .0  138  
BSSS(R)  C5  X  BSCBKR)  C4  74 .2  72 .1  73 .2  72 .  8  131 .  8  142 .  1  119 .5  131 .1  138  
BSSS(R)  C5  X BSCBKR)  C5  72 .7  74 .1  73 .4  72 .  8  154 .  1  123 .  7  148 .0  141 .9  137  
BSEB X BSCBl  CO 74 .8  75 .3  75 .0  74 .  2  162 .  1  129 .  1  120 .5  137 .2  144  
BSBB X  BSCBKR)  C I  73 .2  74 .2  73 .7  74 .  2  175 .  5  154 .  5  146 .0  158 .7  145  
BSBB X BSCBKR)  C2  73 .  8  73 .8  73 .8  74 .  0  157 .  7  131 .  7  107 .0  132 .1  147  
BSBB X BSCBKR)  C3  73 .9  72 .7  73 .3  7  3 .  9  180 .  6  159 .  4  156 .5  165 .5  148  
BSEB X BSCBKR)  C4  74 .  1  73 .9  74 .0  73 .  7  165 .  9  127 .  2  133 .5  142 .2  149  
BSEB X  BSCBKR)  C5  73 .1  74 .5  73 .  8  73 .  5  164 .  5  137 .  6  149 .0  150 .4  151  
BSSS(HT)  C2  70 .4  72 .3  71 .4  72 .  1  175 .  1  163 .  4  132 .5  157 .0  142  
BSSS(HT)  C3  70 .1  70 .6  70 .4  72 .  5  148 .  9  157 .  3  154 .5  153 .6  140  
BSSS(HT)  C4  68 .8  72 .6  70 .7  73 .  0  150 .  2  131 .  9  130 .0  137 .4  137  
BSSS(HT)  C5  70 .4  73 .2  71 .8  73 .  4  138 .  4  148 .  3  140 .7  144 .6  134  
BSSS(HT)  C6  79 .0  73 .2  76 .1  73 .  8  112 .  9  150 .  9  92 .0  1  18  . 6  131  
BSSSIHT)  C7  78 .9  72 .7  75 .8  74 .  2  117 .  3  122 .  5  129 .0  122 .9  128  
BSSS CO X BSSSIHT)  C2  68 .  1  72 .9  70 .5  71 .  2  161 .  0  136 .  9  152 .5  150 .1  145  
BSSS CO X  BSSSC HT)  C3  69 .7  71 .5  70 .6  71 .  2  138 .  8  145 .  3  144 .5  142 .9  143  
BSSS CO X  BSSSIHT)  C4  70 .4  71 .0  70 .7  71 .  2  145 .  9  131 .  8  145 .0  140 .9  141  
BSSS CO X BSSSIHT)  C5  69 .3  71 .7  70 .5  71 .  1  149 .  1  133 .  2  124 .0  135 .4  139  
BSSS CO X  BSSSIHT)  C6  70 .3  72 .4  71 .4  71 .  1  124 .  3  178 .  0  147 .5  149 .9  138  
BSSS CO X BSSSIHT)  C7  71 .1  72 .9  72 .0  71 .  1  140 .  4  124 .  5  119 .5  128 .1  136  
BSSSIHT)  C2  X  BSCBKR)  C 72 .3  73 .5  72 .9  73 .  0  175 .  6  152 .  9  169 .5  166 .0  149  
BSSSIHT)  C3  X  BSCBl IR)  C  72 .1  73 .7  72 .9  7  3 .  3  158 .  3  137 .  8  137 .5  144 .5  147  
BSSSIHT)  C4  X  BSCBl IR)  C  73 .9  73 .3  73 .6  73 .  6  186 .  8  134 .  8  162 .5  161 .3  145  
BSSSIHT)  C5  X  BSCBKR)  C 74 .4  74 .8  74 .6  73 .  9  161 .  0  127 .  7  118 .0  135 .3  143  
BSSSIHT)  C6  X  BSCBl IR)  C  74 .0  74 .4  74 .2  74 .  1  145 .  9  123 .  7  123 .5  131 .3  141  
BSSSIHT)  C7  X BSCBKR)  C  73 .  7  73 .8  73 .8  74 .  7  140 .  8  148 .  3  140 .5  143 .2  141  
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Table A5. (continued) 
Test Weight Tassel Branch Number 
Environments Environments 
A A. 
PEDIGREE 70025  70027  MEAN Y  71025  71026  71027  MEAN Y  
lOViA  13  X BSSS CO 73 .1  73 .4  73 .3  72 .  8  150 .0  141 .4  135 .0  142 .1  143 .0  
lOhA 13  X BSSS(HT)  C2  71 .4  72 .1  71 .8  72 .  4  159 .0  159 .  2  139 .0  152 .4  142 .1  
IOWA 13  X BSSS(HT)  C3  70 .7  71 .7  71 .2  72 .  2  133 .0  140 .5  140 .5  133 .0  141 .7  
lOKA 13  X  BSSS(HT)  C4  73 .5  72 .3  72 .7  72 .  0  128 .5  142 .  2  106 .0  125 .6  141 .2  
IOWA 13  X BSSS(HT)  C5  71 .5  72 .4  71 .9  71 .  8  150 .6  137 .  8  153 .5  147 .0  140 .8  
IOWA 13  X  BSSSiHT)  C6  72 .9  72 .3  72 .6  71 .  6  159 .0  135 .  8  137 .5  144 .1  140 .3  
IOWA 13  X  BSSS(HT)  C7  69 .9  71 .5  70 .7  71 .  4  156 .7  135 .  8  126 .5  139 .7  139 .9  
MEAN 72 .8  73 .  1  72 .9  72  . 9  153 .4  139 .3  139 .5  144 .1  144 .  
Table A6, The environmental, grand and estimated (Y) mean root lodging {%) of all entries in the 
RRS and RS for GCA 
Environments 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MEAN 
A  
Y  
BSSS CO 5 .9  0 .0  9 .4  0 .0  1 .2  0 .  0  0 .0  2 .8  1  .7  
BSSS(R)  C I  0 .6  0 .0  1 .4  0 .0  1 .6  2 .  8  0 .0  1 .3  1 .5  
BSSS(R)  C2  6 .2  0 .0  2 .1  0 .0  1 .4  0 .0  0 .0  1 .9  1 .3  
BSSS(R)  C3  0 .3  0 .0  0 .7  0 .0  0 .  9  0 .  0  0 .0  0 .1  1 .2  
8SSS(R)  C4  2 .7  0 .0  5 .7  0 .0  3 .3  1 .  5  0 .0  2 .6  1 .0  
BSSS(R)  C5  1 .  1  0 .0  1 .3  0 .  0  0 .2  0 .0  0 .0  3 .0  0 .8  
BSSS CO X  BSSS CO 7 .8  0 .0  0 .2  0 .0  8 .7  0 .  0  0 .0  3 .3  1 .7  
BSSS CO X BSSS(R)  C I  3 .6  0 .0  6 .5  0 .0  0 .1  4 .2  0 .0  2 .8  1 .9  
BSSS CO X  BSSS(R)  C2  6 .3  0 .0  5 .5  0 .0  0 .2  0 .  0  0 .0  2 .3  2 .2  
BSSS CO X BSSS(R)  C3  5 .1  0 .0  0 .3  0 .0  1 .0  2 .  8  0 .0  1 .4  2 .4  
BSSS CO X BSSS(R)  C4  3 .3  0 .0  3 .2  0 .0  0 .1  5 .  9  0 .0  2 .5  2 .7  
BSSS CO X  BSSS(R)  C5  3 .9  0 .0  4 .0  0 .0  0 .6  9 .  1  0 .0  3 .5  2 .9  
BSCBl  CO X  BSSS CO 1 .5  2 .6  8 .7  0 .0  0 .0  0 .  0  0 .0  2 .6  4 .0  
BSCBl  CO X BSSS(R)  C I  6 .7  1 .4  2 .4  0 .  0  0 .3  0 .0  0 .0  2 .1  3 .8  
BSCBl  CO X  BSSS(R)  C2  2 .3  0 .0  1 .0  0 .0  0 .6  0 .  0  0 .0  0 .8  3 .5  
BSCBl  CO X BSSS(R)  C3  1 .9  0 .0  0 .4  0 .0  9 .3  0 .0  0 .0  2 .3  3 .2  
BSCBl  CO X  BSSS(R)  C4  6 .5  0 .0  1 .3  0 .  0  2 .3  0 .  0  0 .0  2 .0  2 .9  
BSCBl  CO X  BSSS(R)  C5  12 .0  0 .0  6 .8  0 .0  1 .7  2 .  9  0 .0  4 .7  2 .6  
BSCBKR)  C5  X  BSSS CO 5 .8  1 .4  7 .1  0 .  0  0 .1  0 .0  0 .0  2 .9  4 .4  
BSCBICR)  C5  X  BSSS(R)  C I  4 .1  0 .0  3 .6  0 .0  4 .7  2 .  8  0 .0  3 .0  4 .1  
BSCBKR)  C5  X  BSSS(R)  C2  3 .7  0 .0  2 .1  0 .0  2 .7  0 .0  0 .0  1 .7  3 .8  
BSCBKR)  C5  X  BSSS(R)  C3  9 .9  3 .8  4 .3  0 .  0  16 .6  0 .  0  0 .0  6 .9  3 .6  
BSCBKR)  C5  X  BSSS(R)  C4  5 .3  0 .0  0 .5  0 .0  2 .9  0 .  0  0 .0  1 .6  3 .3  
BSCBKR)  C5  X  BSSS(R)  C5  5 .  5  0 .0  0 .5  0 .0  3 .4  0 .0  0 .0  1 .9  3 .0  
BSSS CO X BSCBl  CO 20 .3  0 .0  4 .7  0 .0  0 .6  7 .  1  0 .0  4 .9  4 .0  
BSSS(R)  C I  X BSCBKR)  C I  10 .5  0 .0  6 .3  0 .0  1 .6  0 .  0  0 .0  3 .3  3 .8  
BSSS(R)  C2  X BSCBKR)  C2  7 .4  0 .0  0 .6  0 .0  7 .4  0 .0  0 .0  2 .4  3 .6  
BSSS(R)  C3  X  BSCBKR)  C3  20 .1  4 .2  10 .9  0 .0  9 .  8  0 .  0  0 .0  6 .0  3 .4  
Table A6, (continued) 
Environments 
PEDIGREE 70025  70026  70027  7102  5  7102  6  7102  7  71028  MEAN Y  
BSSS(R)  C4  X BSCBKR)  C4  8 .5  0 .0  3 .3  0 .0  2 .9  0 .  0  0 .0  3 .9  3 .2  
BSSS(R)  C5  X BSCBKR)  C5  5 .4  0 .  0  1 .7  0 .  0  13 .6  0 .  0  0 .0  4 .0  3 .0  
BSBB X  BSSS CO 6 .0  0 .0  0 .0  0 .0  1 .4  0 .  0  0 .0  0 .9  0 .7  
BSBB X  BSSS(R)  C l  0 .6  0 .0  1 .6  0 .  0  1 .0  2 .  8  0 .0  3 .8  1 .0  
BSBB X BSSS(R)  C2  3 .0  1 .4  0 .2  0 .0  1 .6  0 .  0  0 .0  1 .2  1 .3  
BSBB X BSSS(R)  C3  4 .3  0 .0  6 .5  0 .0  0 .2  0 .  0  0 .0  2 .2  1 .6  
BSBB X  BSSS(R)  C4  4 .0  0 .0  0 .1  0 .0  1 .9  0 .  0  0 .0  1 .2  1 .9  
BSBB X BSSS(R)  C5  2 .5  0 .0  7 .5  0 .0  0 .9  1 .  4  0 .0  2 .5  2 .2  
BSCBKR)  C l  16 .6  2 .9  0 .4  0 .0  15 .6  0 .  0  0 .0  6  . 9  6 .4  
BSCBl lR)  C2  16 .7  2 .8  2 .0  0 .0  24 .9  0 .  1  0 .0  9 .3  6 .6  
BSCBKR)  C3  18 .2  5 .0  0 .1  0 .0  4 .4  0 .  0  0 .0  5 .5  6 .8  
BSCBKR)  C4  10 .3  2 .6  1 .7  0 .  0  9 .6  0 .  0  0 .0  4 .8  7 .0  
BSCBKR)  C5  20 .1  2 .6  4 .  6  0 .0  13 .8  1 .  5  0 .0  8 .5  7 .2  
BSCBl  CO X  BSCBl  CO 13 .  1  0 .0  2 .3  0 .0  8 .9  0 .  0  0 .0  4 .9  6 .2  
BSCBl  CO X  BSCBKR)  C l  19 .6  1 .4  0 .4  0 .0  0 .9  1 .  4  0 .0  4 .6  6 .5  
BSCBl  CO X  BSCBKR)  C2  14 .  1  3 .9  4 .6  0 .0  14 .6  0 .  0  0 .0  7 .4  6 .7  
BSCBl  CO X  BSCBKR)  C3  20 .0  2 .6  0 .3  0 .0  12 .2  1 .  4  0 .0  7  . 2  6 .9  
BSCBl  CO X  BSCBKR)  C4  32 .2  1 .3  2 .6  0 .  0  6 .  8  0 .  0  0 .0  8 .6  7 .1  
BSCBl  CO X  BSCBKR)  C5  13 .6  2 .9  6 .5  0 .0  7 .4  0 .  0  0 .0  6 .1  7 .4  
BSSS CO X  BSCBl  CO 20 .9  0 .0  5 .  9  0 .  0  22 .8  0 .  0  0 .0  8  . 6  4 .0  
BSSS CO X  BSCBKR)  C l  12 .7  0 .0  6 .  1  0 .0  3 .0  0 .  0  0 .0  4 .0  4 .1  
BSSS CO X BSCBKR)  C2  8 .3  0 .0  3 .3  0 .0  8 .6  0 .  0  0 .0  3 .2  4 .2  
BSSS CO X  BSCBKR)  C3  17 .  3  0 .0  6 .  3  0 .0  18 .0  0 .  0  0 .0  6 .0  4 .2  
BSSS CO X  BSCBl (R)  C4  15 .4  0 .0  14 .5  0 .0  11 .0  1 .  4  0 .0  7 .3  4 .3  
BSSS CO X  BSCBKR)  C5  15 .8  1 .4  6 .  1  0 .0  3 .9  0 .  0  0 .0  4 .6  4 .4  
BSSS(R)  C5  X BSCBl  CO 19 .5  0 .0  0 .3  0 .0  8 .  1  1 .  5  0 .0  3 .9  2 .6  
BSSS(R)  C5  X BSCBKR)  C l  16 .2  0 .0  0 .3  0 .0  0 .8  0 .  0  0 .0  3 .1  2 .7  
BSSSIR)  C5  X BSCBKR)  C2  18 .4  2 .6  0 .  0  0 .0  2 .1  0 .  0  0 .0  2 .2  2 .8  
Table A6. (continued) 
Environments 
A 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MEAN Y  
BSSS(R)  C5  X  BSCBKR)  C3  22 .5  1 .4  5 .7  0 .0  1 .1  2 .9  0 .0  4 .0  2 .9  
BSSS(R)  C5  X  BSCBKR)  C4  16 .7  0 .0  2 .3  0 .0  0 .4  0 .0  0 .0  1  .0  2 .9  
BSSS(R)  C5  X  BSCBKR)  C5  9 .5  1 .3  2 .3  0 .0  1 .0  0 .  0  0 .0  2 .2  3 .0  
BSBB X BSCBl  CO 6 .4  0 .0  0 .6  0 .0  8 .9  2 .  8  0 .0  3 .8  3 .7  
BSBB X  BSCBKR)  C l  5 .2  0 .0  1 .5  0 .0  4 .7  0 .  0  0 .0  2 .3  4 .1  
BSBB X BSCBKR)  C2  6 .6  3 .8  8 .1  0 .0  10 .6  0 .  0  0 .0  5 .9  4 .6  
BSBB X BSCBKR)  C3  13 .6  1 .3  2 .8  0 .0  18 .9  0 .0  0 .0  7 .3  5 .1  
BSBB X BSCBKR)  C4  5 .5  0 .0  2 .5  0 .  0  11 .3  0 .  0  0 .0  3 .9  5 .5  
BSBB X BSCBKR)  C5  9 .9  0 .0  3 .1  0 .0  15 .8  0 .0  0 .0  5 .8  6 .0  
BSSS(HT)  C2  8 .9  0 .0  8 .  8  0 .0  0 .0  8 .8  0 .0  5 .3  4 .8  
BSSS(HT)  C3  2 .8  0 .0  9 .6  0 .0  0 .  8  5 .9  0 .0  3 .5  6 .4  
BSSS(HT)  C4  8 .3  0 .0  13 .0  0 .0  0 .0  8 .  7  0 .0  6 .0  8 .0  
BSSS(HT)  C5  4 .  2  '  0 .0  21 .3  0 .  0  0 .6  15 .  1  0 .0  8 .2  9 .6  
BSSS(HT)  C6  12 .2  1 .4  7 .6  0 .0  0 .8  5 .  7  0 .0  5 .5  11 .1  
BSSS(HT)  C7  9 .8  3 .9  61 .4  0 .  0  0 .1  28 .6  0 .0  23 .8  12 .7  
BSSS CO X  BSSS(HT)  C2  2 .7  0 .0  15 .8  0 .0  0 .2  1 .  4  0 .0  3 .9  2 .8  
BSSS CO X BSSS(HT)  C3  3 .1  0 .0  8 .1  0 .0  0 .6  0 .0  0 .0  2 .4  3 .3  
BSSS CO X  BSSS(HT)  C4  3 .4  0 .0  6 .  4  0 .0  1 .0  16 .  0  0 .0  4 .9  3 .9  
BSSS CO X  BSSS(HT)  C5  2 .4  0 .0  7 .3  0 .0  0 .3  8 .  4  0 .0  3 .7  4 .4  
BSSS CO X BSSS(HT)  C6  5 .9  3 .8  2 .8  0 .0  2 .5  2 .9  0 .0  3  .6  5 .0  
BSSS CO X  BSSS(HT)  C7  6 .  2  7 .4  10 .4  0 .0  0 .4  10 .  4  0 .0  6 .8  5 .6  
BSSS(HT)  C2  X  BSCBl (R)  C  7 .4  0 .0  6 .1  0 .0  0 .7  0 .  0  0 .0  2 .8  4 .7  
BSSS(HT)  C3  X  BSCBKR)  C 4 .5  0 .0  7 .6  0 .  0  2 .0  0 .  0  0 .0  3 .3  4 .9  
BSSS(HT)  C4  X  BSCBKR)  C  14 .6  0 .0  5 .5  0 .0  11 .8  0 .  0  0 .0  6 .4  5 .1  
BSSS(HT)  C5  X  BSCBKR)  C 3 .7  0 .0  7 .6  0 .0  6 .9  8 .  8  0 .0  6 .2  5 .3  
BSSS(HT)  C6  X  BSCBKR)  C 2 .4  3 .8  1 .4  0 .0  6 .  0  2 .8  0 .0  2 .5  5 .5  
BSSS(HT)  C7  X  BSCBKR)  C 14 .7  1 .3  13 .8  0 .0  9 .  5  1 .  5  0 .0  8 .4  6 .0  
lOWA 13  X BSSS CO 17 .3  0 .0  23 .0  0 .0  8 .9  0 .0  0 .0  9 .9  7 .2  
Table A6. (continued) 
Environments 
PEDIGREE 70025 70026 70027 71025 7102 6 71027 71028 MEAN Y 
IQkA 13 X BSSS(HT) C2 12.1 0.0 10.5 0.0 11.9 0. 0 0.0 6.9 7.5 
lOWA 13 X BSSS(HT» C3 5.2 0.0 4.2 0.0 2.6 2.8 0.0 3.0 7.7 
lOkA 13 X BSSS(HT) C4 10.7 0.0 18.8 0.0 8.3 3. 0 0.0 8.2 7.8 
lOkA 13 X BSSS(HT) C5 10.9 0.3 16.4 0.0 1.9 2. 8 0.0 6.4 8.0 
lOWA 13 X 3SSS(HT) C6 12.5 3.8 31.5 0.0 9.6 5.5 0.0 12.6 8.2 
lOkA 13 X BSSS(HT) C7 11.2 1.3 7.7 0.0 12. 1 5. 6 0.0 7.6 8.3 
MEAN 9.3 0.9 6.1 0.3 5.3 2.2 
o
 
•
 
o
 4.5 4. 
ro 
o 
Table AT. (oontinued) 
Environments 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  MEAN Y  
BSSS(R)  C4  X  BSCBKR)  C4  87 .5  103 .5  119 .  3  89 .  0  113 .9  123 .  7  0 .0  106 .2  104 .0  
BSSS(R)  C5  X  BSCBKR)  C5  74 .6  106 .0  120 .  2  82 .  6  105 .2  126 .  7  0 .0  102 .6  104 .5  
BSBB X BSSS CO 79 .9  99 .5  123 .  2  80 .  9  107 .  1  122 .  1  0 .0  102 .1  101 .3  
BSBB X  BSSS(R)  C I  81 .0  95 .5  115 .  4  83 .  9  109 .5  128 .  6  0 .0  102 .3  101  . 3  
BSBB X BSSS(R)  C2  76 .5  87 .5  107 .  2  91 .  7  108 .1  119 .  9  0 .0  98 .5  101 .3  
BSBB X BSSS(R)  C3  84 .4  106 .0  117 .  1  70 .  1  104 .4  117 .  7  0 .0  100 .0  101 .3  
BSBB X  BSSS(R)  C4  80 .6  96 .5  114 .  9  97 .  1  108 .6  129 .  4  0 .0  104 .5  101 .3  
BSBB X  BSSS(R)  C5  74 .7  103 .0  116 .  8  86 .  1  103 .0  119 .  1  0 .0  100 .4  101 .3  
BSCBl  CO 71 .6  98 .0  121 .  4  72 .  8  99 .9  114 .  8  0 .0  96 .4  97 .8  
BSCBKR)  C I  70 .4  92 .5  106 .  4  78 .  0  96 .5  110 .  9  0 .0  92 .4  97 .2  
BSCBKR)  C2  75 .6  97 .0  106 .  0  81 .  1  104 .1  108 .  1  0 .0  95 .3  96 .6  
BSCBKR)  C3  69 .9  94 .5  109 .  1  91 .  0  103 .0  113 .  7  0 .0  96 .9  96 .0  
BSCBKR)  C4  77 .8  93 .0  100 .  3  82 .  5  101 .0  119 .  7  0 .0  95 .7  95 .5  
BSCBKR)  C5  77 .1  94 .0  110 .  9  79 .  2  100 .8  111 .  9  0 .0  95 .7  94 .9  
BSCBl  CO X BSCBl  CO 76 .8  97 .5  109 .  0  87 .  9  108 .5  119 .  6  0 .0  99 .9  97 .8  
BSCBl  CO X  BSCBKR)  C I  79 .2  103 .5  112 .  2  84 .  8  99 .1  117 .  0  0 .0  99 .3  97 .9  
BSCBl  CO X BSCBKR)  C2  86 .1  103 .0  117 .  6  84 .  5  107 .5  122 .  3  0 .0  103 .5  98  . 1  
ESCBl  CO X  BSCBKR)  C3  73 .9  93 .0  120 .  5  80 .  4  104 .  1  111 .  6  0 .0  97 .3  98 .3  
BSCBl  CO X BSCBKR)  C4  74 .8  92 .5  116 .  0  79 .  1  95 .9  117 .  4  0 .0  95 .9  98 .4  
BSCBl  CO X BSCBKR)  C5  74 .2  92 .5  115 .  5  87 .  8  101 .6  121 .  3  0 .0  98 .8  98 .6  
BSSS CO X  BSCBl  CO 80 .3  107 .5  111 .  7  81 .  3  109 .0  124 .  1  0 .0  102 .3  102 .2  
BSSS CO X  BSCBKR)  C I  79 .6  98 .0  115 .  2  85 .  3  106 .5  113 .  6  0 .0  99  . 7  102 .6  
BSSS CO X  BSCBKR)  C2  81 .9  110 .0  113 .  7  79 .  5  108 .6  130 .  9  0 .0  104 .1  102 .9  
BSSS CO X BSCBKR)  C3  79 .0  99 .0  119 .  7  90 .  3  111 .9  118 .  9  0 .0  103 .  1  103 .3  
BSSS CO X BSCBKR)  C4  84 .7  113 .5  120 .  3  76 .  6  108 .6  119 .  7  0 .0  103 .9  103 .7  
BSSS CO X BSCBKR)  C5  85 .3  104 .0  113 .  5  82 .  0  111 .5  117 .  3  0 .0  102 .3  104 .0  
BSSS(R)  C5  X BSCBl  CO 83 .4  117 .0  116 .  1  81 .  6  114 .0  126 .  7  0 .0  106 .5  102 .7  
BSSS(R)  C5  X  BSCBICR)  C I  85 .1  101 .5  121 .  9  81 .  4  103 .  5  121 .  6  0 .0  102 .5  103 .0  
Table A7. The environmental, grand and estimated (Y) mean ear height (cm.) of all entries in the RRS 
and RS for GCA 
Environments 
PEDIGREE 70025  70026  70027  71025  71026  71027  71028  ME4N Y  
BSSS CO 86 .5  98 .  5  121 .  6  96 .  6  103 .5  124 .  4  0 .0  105 .2  101 .9  
BSSSIR)  C I  79 .0  85 .  5  108 .  6  78 .  5  96 .  3  112 .  9  0 .0  93 .5  99 .5  
BSSS(R)  C2  77 .6  92 .  0  114 .  8  70 .  5  105 .4  109 .  0  0 .0  94 .9  97 .  1  
BSSS(R)  C3  68 .9  87 .  5  98 .  5  83 .  5  101 .5  105 .  0  0 .0  90 .8  94 .7  
BSSSIR)  C4  64 .5  92 .  0  104 .  6  80 .  0  99 .5  101 .  8  0 .0  90 .4  92 .3  
BSSS(R)  C5  71 .6  94 .  0  110 .  1  83 .  3  101 .6  114 .  6  0 .0  95 .9  89 .9  
BSSS CO X  BSSS CO 89 .7  99 .  0  122 .  1  80 .  6  112 .0  126 .  9  0 .0  105 .1  101 .9  
BSSS CO X  BSSS(R)  C I  85 .5  93 .  5  119 .  3  76 .  4  105 .  1  122 .  6  0 .0  100 .4  101 .9  
BSSS CO X  BSSS(R)  C2  77 .2  92 .  0  157 .  6  84 .  4  106 .4  104 .  1  0 .0  103 .6  101 .8  
BSSS CO X  BSSS(R)  C3  72 .  I  144 .  0  100 .  8  81 .  I  106 .7  118 .  0  0 .0  103 .9  101 .8  
BSSS CO X  BSSS(R)  C4  80 .0  99 .  0  112 .  3  76 .  7  104 .0  122 .  6  0 .0  99 .1  101  . 8  
BSSS CO X  BSSS(R)  C5  83 .6  104 .  0  116 .  6  83 .  7  106 .8  119 .  3  0 .0  102 .3  101 .8  
BSCBl  CO X BSSS CO 82 .  1  112 .  0  117 .  0  84 .  7  120 .0  125 .  7  0 .0  106  . 9  102 .2  
BSCBl  CO X  BSSSIR)  C I  78 .4  103 .  5  117 .  0  79 .  4  115 .0  117 .  5  0 .0  101 .8  102 .3  
BSCBl  CO X BSSSIR)  C2  77 .7  94 .  0  109 .  8  87 .  7  109 .5  122 .  8  0 .0  100 .2  102 .4  
BSCBl  CO X  BSSSIR)  C3  84 .3  97 .  0  110 .  3  77 .  1  103 .5  116 .  3  0 .0  98 .1  102 .5  
BSCBl  CO X  BSSSIR)  C4  79 .3  100 .  0  110 .  6  82 .  6  117 .9  106 .  6  0 .0  99 .5  102 .6  
BSCBl  CO X BSSSIR)  C5  87 .4  105 .  0  122 .  3  79 .  0  114 .9  118 .  1  0 .0  104 .4  102 .7  
BSCBl IR)  C5  X  BSSS CO 82 .2  103 .  0  120 .  7  79 .  2  116 .  0  120 .  6  0 .0  103 .6  104 .0  
BSCBl lR)  C5  X  BSSSIR)  C I  87 .0  107 .  0  124 .  1  84 .  2  148 .9  125 .  5  0 .0  112 .8  104 .  1  
BSCBI IR)  C5  X  BSSSIR)  C2  81 .  3  97 .  0  113 .  5  80 .  8  112 .  0  114 .  9  0 .0  99 .9  104 .2  
BSCBl lR)  C5  X  BSSSIR)  C3  80 .2  99 .  0  122 .  7  76 .  3  113 .5  122 .  8  0 .0  112 .4  104 .3  
BSCBI IR)  C5  X  BSSSIR)  C4  86 .8  99 .  5  118 .  2  79 .  9  105 .5  126 .  7  0 .0  102 .8  104 .4  
BSCBl lR)  C5  X  BSSSIR)  C5  86 .2  105 .  5  133 .  6  83 .  7  116 .4  124 .  0  0 .0  108 .2  104 .5  
BSSS CO X  BSCBl  CO 88 .5  104 .  5  117 .  0  78 .  6  101 .6  121 .  1  0 .0  101 .9  102 .2  
BSSSIR)  C I  X BSCBI IR)  C I  81 .9  101 .  0  122 .  0  90 .  I  112 .5  120 .  7  0 .0  104 .7  102 .7  
BSSSIR)  C2  X BSCBI IR)  C2  79 .9  102 .  5  115 .  7  78 .  9  102 .0  118 .  3  0 .0  99 .6  103 .1  
BSSSIR)  C3  X BSCBI IR)  C3  80 .7  98 .  0  120 .  3  78 .  9  106 .6  118 .  2  0 .0  100 .4  103 .6  
Table AT. (continued) 
Environments 
PEDIGREE 70025 70026 70027 71 02 5 71026 71027 71028 MEAN 
A 
Y 
BSSS(R) C5 X BSCBl(R) C2 81.2 105. 5 121. 3 91. 0 112.9 126. 2 0.0 106.3 103 
BSSS(R) C5 X BSCBKR) C3 81.2 10 5. 5 120. 6 87. 6 110. 1 121. 9 0.0 104.5 103 
BSSS(R) C5 X BSCBKR) C4 79.1 110. 0 115. 3 85. 6 117. 1 127. 8 0.0 105.8 104 
BSSSIR) C5 X BSCBKR) C5 83.5 99. 5 111. 5 78. 1 113.4 129. 1 0.0 102.5 104 
BSBB X BSCBl CO 79.0 101. 5 118. 1 82. 3 97.0 117. 6 0.0 99.3 100 
BSBB X BSCBKR) CI 75.6 101. 5 115. 3 79. 9 105.6 120. 3 0.0 99.7 100 
BSBB X BSCBKR) C2 88.6 10 5. 5 120. 2 84. 8 112.4 115. 0 0.0 104.4 100 
BSBB X BSCBKR) C3 78.4 103. 5 108. 9 92. 2 103. 0 109. 0 0.0 99.2 100 
BSBB X BSCBKR) C4 81.8 100. 0 117. 8 77. 7 101.5 121. 7 0.0 100.1 100 
BSBB X BSCBKR) C5 76.1 10 2. 5 118. 4 79. 5 106.5 119. 8 0.0 100.5 100 
BSSS(HT) C2 86.7 106. 5 113. 5 87. 0 112.0 129. 4 0.0 105.8 102 
BSSS(HT) C3 82. 1 95. 5 118. 3 83. 9 111.1 127. 9 0.0 103.1 102 
BSSS(HT) C4 79.6 99. 0 108. 7 76. 1 102.9 117. 5 0.0 97.3 102 
BSSS(HT) C5 77.8 97. 0 115. 1 94. 4 109.2 129. 2 0.0 103.8 102 
BSSS(HT) C6 82.5 97. 0 114. 9 83. 7 112. 0 119. 0 0.0 101 .5 102 
BSSS(HT) C7 89.8 104. 0 116. 6 85. 9 109.0 123. 1 0.0 104.7 102 
3SSS CO X BSSS(HT) C2 86.5 98. 5 117. 1 84. 7 111.4 128. 9 0.0 104.5 101 
BSSS CO X BSSS(HT) C3 82. 2 103. 0 116. 6 75. 3 117.9 126. 9 0.0 103.7 101 
BSSS CO X BSSS(HT) C4 71.7 94. 5 110. 7 82. 7 103.0 110. 5 0.0 95.5 101 
BSSS CO X BSSS(HT) C5 80. 6 94. 5 110. 7 93. 9 110.6 124. 0 0.0 102.4 101 
BSSS CO X BSSS(HT) C6 82.4 95. 0 117. 9 78. 4 114.5 129. 6 0.0 103.0 101 
BSSS CO X BSSS(HT) C7 73.1 107. 0 117. 1 91. 7 113.4 115. 2 0.0 102.9 102 
BSSS(HT) C2 X BSCBKR) C 85.9 104. 5 123. 1 82. 7 116. 0 124. 7 0.0 106.2 103 
BSSS(HT) C3 X BSCBKR) C 80.5 111. 5 119. 5 79. 1 116. 1 127. 2 0.0 105.7 104 
BSSS(HT) C4 X BSCBKR) C 80.2 94. 5 113. 4 90. 7 111.6 122. 4 0.0 102.1 105 
ESSS(HT) C5 X BSCBKR) C 85.5 109. 5 120. 0 78. 7 115. 1 122. 9 0.0 105.3 105 
BSSS(HT) C6 X BSCBKR) C 84.6 108. 5 120. 6 87. 2 112. 1 124. 6 0.0 106.3 106 
BSSS(HT) C7 X BSCBKR) C 88.4 109. 5 124. 4 77. 4 118.1 133. 3 0.0 108.5 106 
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Table AJ. (continued) 
Environments 
A 
PEDIGREE 70025  70  0  2  6  70027  71025  71026  71027  71028  MEAN Y  
IOWA 13  X  BSSS CO 102 .6  111 .0  138 .1  74 .2  121 .1  148 .  8  0 .0  115 .9  116 .  1  
IOWA 13  X BSSS(HT)  C2  98 .7  119 .0  138 .6  80 .4  131 .5  142 .4  0 .0  118 .4  117 .  0  
IOWA 13  X  BSSS(HT)  C3  93 .9  122 .3  136 .2  85 .6  131 .1  136 .  0  0 .0  I  17 .7  117 .  5  
IOWA 13  X  BSSS(HT)  C4  99 .9  112 .5  133 .9  85 .7  127 .6  140 .  6  0 .0  116 .5  118 .  0  
IOWA 13  X BSSS(HT)  C5  102 .1  110 .5  130 .5  82 .  1  131 .5  145 .3  0 .0  117 .0  118 .  5  
IOWA 13  X  BSSS(HT)  C6  94 .3  124 .0  138 .7  80 .4  133 .  1  149 .  4  0 .0  120 .0  119 .  0  
IOWA 13  X BSSS(HT)  C7  99 .7  120 .5  140 .9  80 .3  129 .0  149 .4  0 .0  120 .0  119 .  4  
MEAN 81 .8  102 .  1  117 .7  82 .7  110 .1  122 .0  0 .0  102 .9  102 .7  
Table A8. The environmental, grand and estimated (Y) mean plant height (cm.) of all entries in the 
RRS and RS for GCA 
Environments 
PEDIGREE 70025 70026 70027 71025 71026 71027 71028 MEAN 
A 
Y 
BSSS CO 183.5 199. 5 223. 5 198. 1 213.3 250. 4 0.0 211.5 206 
BSSS(R) CI 175.4 186. 0 205. 7 177. 8 202. 6 241. 1 0.0 198.1 204 
BSSSCR) C2 174.5 191. 5 219. 2 174. 7 208.4 245. 1 0.0 202.2 202 
BSSS(R) C3 162.0 184. 0 199. 6 184. 7 207.6 223. 3 0.0 193.5 200 
BSSS(R) C4 164.1 185. 5 209. 2 182. 1 206. 0 226. 2 0.0 195.5 198 
BSSSCR) C5 180.7 194. 5 212. 5 180. 3 211.0 241. 0 0.0 203.3 196 
BSSS CO X BSSS CO 188.2 20 3. 0 221. 5 183. 7 222.2 255. 7 0.0 212.4 206 
BSSS CO X BSSS(R) CI 177.4 195. 0 221. 3 169. 0 210.2 249. 5 0.0 203.7 206 
BSSS CO X BSSS(R) C2 173.6 194. 0 212. 5 189. 6 215.2 236. 4 0.0 203.6 206 
BSSS CO X BSSS(R) C3 171.3 191. 0 198. 7 184. 2 210.7 242. 8 0.0 199.8 206 
BSSS CO X BSSS(R) C4 182.7 205. 5 213. 6 177. 3 217.6 249. 0 0.0 207.6 206 
BSSS CO X BSSS(R) C5 186.6 213. 5 221. 8 182. 3 217.6 250. 7 0.0 211 .3 206 
BscBi CO X esss CO 184.5 209. 5 220. 3 192. 7 227.5 253. 1 0.0 214.6 209 
BSCBl CO X BSSS(R) CI 178.0 206. 0 218. 5 179. 0 219.1 251. 1 0.0 208.6 209 
BSCBl CO X BSSS(R) C2 181.0 204. 0 219. 4  186. 5 222.0 245. 7 0.0 209.8 210 
BSCBl CO X BSSS(R) C3 179.5 199. 0 212. 6 170. 7 216.0 237. 7 0.0 202.6 210 
BSCBl CO X BSSSCR) C4 180.4 200. 0 212. 9 185. 7 228.4 232. 7 0.0 205 .7 211 
BSCBl CO X BSSSCR) C5 187.6 204. 5 221. 1 186. 5 224.0 258. 5 0.0 213.7 211 
BSCBl(R) C5 X BSSS CO 193.2 207. 0 2 29. 0 178. 6 225.2 252. 7 0.0 213.8 211 
ESCBl(R) C5 X BSSSCR) CI 189. 1 20 8. 0 235. 5 182. 9 211.0 252. 5 0.0 213.2 212 
BSCBlCR) C5 X BSSSCR) C2 188.8 205. 5 221. 9  172. 3  215.5 249. 1 0.0 208.9 212 
BSCBICR) C5 X BSSSCR) C3 183.0 198. 5  227. 4  174. 9  219.1 246 .  6  0.0 208.3 213 
BSCBlCR) C5 X BSSSCR) C4 181.7 207. 0 226. 8 179. 6 216. 1 255 .  9  0.0 211.2 213 
BSCBICR)  C5  X  BSSSCR)  C5  190.0 216. 5  235 .  8 186. 8 227 .6  246 .  7  0.0 217.2 214 
BSSS CO X BSCBl CO 186.4 204. 5  219. 1 179. 1 214.4 240. 0 0.0 207.2 209 
BSSSCR)  C I  X  BSCBICR)  CI 183 .6  204. 5  227 .  1 187. 4  222 .  7  250. 7  0.0 212.7 210 
BSSSCR)  C2  X BSCBICR)  C2 183.5 195. 5  223 .  5  186. 8 220. 5 251. 0 0.0 210.1 211 
BSSSCR) C3 X BSCBICR) C3 187.5 200. 0 225 .  7  179. 1  221.0 246 .  1 0.0 209.9 212 
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Table A8. (continued) 
Environments 
PEDIGREE 70025 700 26 70027 71025 71026 71027 71028 MEAN 
A 
Y 
BSSS(R) C4 X BSCBliR) C4 190.1 208. 0 228. 8 190. 7 224.9 257. 5 0.0 215 .7 213 
BSSS(R) C5 X BSCBKR) C5 183.2 209. 5 235. 1 189. 3 214.2 261. 2 0.0 215.4 214 
BSBB X BSSS CO 180.5 194. 5 223. 3 182. 6 221.5 250. 8 0.0 208.9 207 
BSBB X BSSS(R) CI 185. 0 194. 5 215. 2 182. 8 213.9 250. 4 0.0 207.0 207 
BSBB X BSSS(R) C2 178.4 194. 0 219. 9 188. 2 215.3 252. 0 0.0 208.0 208 
BSBB X BSSS(R) C3 184.4 207. 5 220. 3 167. 6 214.9 244. 6 0.0 206.6 208 
BSBB X BSSS(R) C4 182.4 200. 5 222. 8 188. 7 219.0 256. 0 0.0 211.6 209 
BSBB X BSSS(R) C5 174.4 212. 0 220. 7 189. 6 214.9 246. 0 0.0 209.6 209 
BSCBl CO 170.7 202. 5 213. 8 175. 2 206.0 236. 0 0.0 203 .0 205 
BSCBKR) CI 171.9 203. 5 214. 0 181. 2 207. 8 241. 5 0.0 203.3 204 
BSCBKR) C2 175.1 198. 0 211. 7 176. 8 206.3 240. 2 0.0 201.4 203 
BSCBKR) C3 164.0 197. 5 216. 7 189. 9 211.6 239. 7 0.0 203.2 201 
BSCBKR) C4 174.3 198. 5 201. 0 188. 6 205.6 239. 9 0.0 201.3 200 
BSCBKR) C5 170.0 195. 0 212. 8 179. 8 204.0 235. 4 0.0 199.5 ;i99 
BSCBl CO X BSCBl CO 173.2 205. 5 211. 0 193. 1 217.6 246. 1 0.0 2 07.8 205 
BSCBl CO X BSCBKR) CI 180.9 205. 5 218. 7 179. 4 207.0 249. 7 0.0 2 06.9 205 
BSCBl CO X BSCBKR) C2 182.7 205. 5 217. 7 189. 6 217.2 246. 5 0.0 209 .9 205 
BSCBl CO X BSCBKR) C3 172.3 193. 5 214. 3 191. 8 211.2 241. 8 0.0 204.1 205 
BSCBl CO X BSCBKR) C4 167.4 196. 0 215. 1 182. 3 207.2 238. 3 0.0 201.0 205 
BSCBl CO X BSCBKR) C5 175. 1 19 5. 5 220. 9 194. 8 209.6 247. 9 0.0 207.3 205 
BSSS CO X BSCBl CO 180.3 212. 0 211. 8 180. 2 222.0 252. 8 0.0 209.8 209 
BSSS CO X BSCBKR) CI 172.6 204. 5 218. 5 181. 8 214.6 248. 7 0.0 206.8 209 
BSSS CO X BSCBKR) C2 185.1 212. 5 215. 3 179. 2 225.4 262. 1 0.0 213.3 210 
BSSS CO X BSCBKR) C3 173.5 201. 5 230. 0 191. 8 223. 8 246. 0 0.0 211. 1 210 
BSSS CO X BSCBKR) C4 186.9 221. 0 232. 5 175. 2 220.9 257. 6 0.0 215 .7 211 
BSSS CO X BSCBl (R) C5 180.6 205. 0 214. 1 180. 6 220.0 248. 9 0.0 2 08.2 211 
BSSS(R) C5 X BSCBl CO 186.3 211. 0 217. 6 173. 7 233.4 258. 7 0.0 213.5 211 
BSSS(R) C5 X BSCBKR) CI 187.8 209. 5 231. 6 184. 1 220.1 250. 7 0.0 214.0 212 
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Table A8. (continued) 
A 
PEDIGREE 70025 70026 70027 71025 71026 71027 71028 MEAN Y 
BSSS(R) C5 X BSCBKR) C2 188.0 208. 0 227. 2 189. 6 225.4 261. 1 0. 0 216 .6 212.7 
BSSS(R) C5 X BSCBKR) C3 194.2 206. 5 230. 9 186. 4 223.7 256. 8 0. 0 216 .4 213.7 
BSSSCR) C5 X BSCBKR) C4 180.2 214. 5 211. 8 178. 1 226.0 256. 0 0. 0 211 .1 213.8 
BSSS(R) C5 X BSCBKR) C5 189.4 205. 0 223. 8 178. 1 227.2 263. 1 0. 0 214 .4 214.3 
BSBB X BSCBl CO 182.7 204. 0 215. 9 183. 0 207.2 250. 4 0. 0 207 .2 209.8 
BSBB X BSCBKR) Cl 175.9 200. 0 216. 6 180. 3 217.9 244. 9 0. 0 205 .9 208.5 
BSBB X BSCBKR) C2 195.9 206. 5 230. 4 189. 2 223.8 241. 4 0. 0 214 .6 208.1 
BSBB X BSCBKR) C3 175.5 207. 5 217. 1 193. 2 209.2 239. 3 0. 0 2 07 .0 207.6 
BSBB X BSCBKR) C4 184.7 203. 0 220. 3 179. 7 208.6 251. 5 0. 0 208 .0 207.2 
BSBB X BSCBKR) C5 167.6 206. 0 218. 8 174. 2 211.5 247. 7 0. 0 204 .3 206.7 
BSSS(HT) C2 183.9 211. 5 216. 1 189. 8 220.5 251. 7 0. 0 212 .3 206.1 
BSSS(HT) C3 174. 1 188. 0 215. 9 177. 7 213.3 253. 0 0. 0 203 .7 206.2 
BSSS(HT) C4 170.9 197. 0 205. 3 166. 3 211.3 241. 9 0. 0 198 .8 206.2 
BSSS(HT) C5 170.9 195. 5 218. 1 188. 0 208.0 250. 1 0. 0 205 .1 206.2 
BSSS(HT) C6 183.3 196. 5 217. 9 190. 7 216.5 246. 1 0. 0 208 .5 206.3 
BSSS(HT) C7 187.4 200. 0 224. 5 185. 0 210.5 245. 0 0. 0 2 08 .7 206.3 
BSSS CO X 8SSS(HT) C2 184.0 208. 0 232. 0 181. 5 221.6 257. 3 0. 0 214 .1 206.6 
BSSS CO X BSSS(HT) C3 174.0 197. 5 223. 6 185. 1 213.4 251. 6 0. 0 ?07 .5 206.8 
BSSS CO X BSSS(HT) C4 167.8 193, 0 220. 2 181. 0 210.3 218. 9 0. 0 198 .5 207.1 
BSSS CO X BSSS(HT) C5 180.5 199. 5 220. 2 185. 0 210.8 252. 5 0. 0 2 08 . 1 207.3 
BSSS CO X BSSS(HT) C6 183.0 187. 0 216. 4 185. 5 220.4 254. 2 0. 0 2 07 .7 207.5 
BSSS CO X BSSS(HT) C7 179.0 201. 0 218. 9 195. 5 216.0 246. 4 0. 0 209 .5 207.8 
BSSS(HT) C2 X BSCBKR) C 189.5 209. 0 223. 8 187. 4 221.4 254. 0 0. 0 214 .2 211.7 
BSSS(HT) C3 X BSCBKR) C 186.5 207. 0 226. 9 177. 7 227.0 251. 0 0. 0 212 .7 213.2 
BSSS(HT) C4 X BSCBKR) C 185.0 196. 5 218. 1 187. 9 220.9 253. 5 0. 0 210 .3 214.7 
BSSS(HT) C5 X BSCBKR) C 193.2 219. 0 226. 3 179. 9 221.7 258. 5 0. 0 216 .4 216.2 
BSSS(HT) C6 X BSCBKR) C 188.8 209. 0 226. 8 193. 2 226. 3 258. 0 0. 0 217 .0 217.8 
BSSS(HT) C7 X BSCBKR) C 192.7 218. 0 239. 5 184. 1 228.7 265. 1 0. 0 221 .3 218.8 
Table A8. (continued) 
/% 
PEDIGREE 70025 70026 70027 71025 71026 71027 71028 MEAN Y 
lOhA 13 X BSSS CO 204.1 207.5 237.8 181.5 231.8 273. 1 0.0 222.6 222.1 
IOWA 13 X BSSSCHT) 02 200.1 224.0 240. 1 175.6 235.3 271. 7 0.0 224.5 223.0 
IOWA 13 X BSSSCHT) C3 195.4 218.5 240.5 181.2 241.5 266. 6 0.0 2 23.9 223.5 
IOWA 13 X BSSSCHT) C4 197.4 213.0 237.2 186.5 230.5 263. 2 0.0 221.3 223.9 
IOWA 13 X BSSSCHT) C5 196.8 213.5 235.2 179.1 234.5 266. 0 0.0 220.8 224.4 
IOWA 13 X BSSSCHT) C6 191.4 228.0 249.6 181.2 241.0 273. 5 0.0 227.5 224.8 
IOWA 13 X BSSSCHT) C7 203.1 226.0 247.8 176.2 235.5 270. 4 0.0 226.5 225.3 
MEAN 182.0 203.6 221.5 183.0 218.2 249.8 0.0 209.7 209.7 
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Table A9. Degree of inbreeding (F^) and expected 
inbreeding depression in grain yield and 
ear and plant height in several cycles of 
recurrent selection in BSS composites 
CHABACTERS 
Selection 
Population Ft* 
Grain 
Yield 
(q/ha.) 
Plant 
Height 
(cms.) 
Ear 
Height 
(cms.) 
BBSS CO 0.00 0.00 0.00 0.00 
BSSS(R)C1 U.T6 2.09 2.38 1,%3 
BSSS(R)C2 9.30 4.09 U.65 2.79 
BSSS(R)C3 13.62 5.99 6.81 U.05 
BSSS(R)C4 17.73 7.80 8.86 5.32 
BSSS(R)C5 21.65 9.53 10.82 6.50 
BSSS(R)C6 25.38 11.17 12.69 7.61 
BSSS(R)C7 28.93 12.73 1U.U6 8.68 
% = l-d-AF)"^  
